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Debugging your designs
with confidence.

It's all about the tools.
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More tools. Better tools. The right tools.

From the world’s most powerful oscilloscopes to the most widely used serial data
protocol analyzers in the industry, LeCroy products are all about the tools. —

Now the LeCroy toolbox is more powerful than ever in oscilloscopes you
didn’t know you could afford. From 200 MHz to 2 GHz, LeCroy scopes offer
more analysis and debug tools than anyone else at prices from $3,000.

So what are you waiting for? Find the right tool for your design debug

job at LeCroy. We're all about the tools.

Visit www.lecroy.com Keyword “ToolsMatter”
1-800-5-LeCroy
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Agilent U2300A Series USB modular
multifunction data acquisition devices

* Up to 3 MSa/s for a single channel

* Functions as a standalone or a modular device
* Plug-and-play and hot-swappable with USB

* Up to 384 channels (max')

Agilent U2700A Series USB modular
instrument chassis

* Plug-and-play and hot-swappable with USB
* Synchronization & trigger between modules
« Simultaneous synchronization between modules

u.s. 1-800-829-4444

canada 1-877-894-4414
www.agilent.com/USB_DAQ1
©Agilent Technologies, Inc. 2006

! With the modular instrument chassis .
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and/or other countries 0g0

Built to test and designed to save, the Agilent U2300A Series
comes with the plug-and-play simplicity of USB to give you
fast and easy measurements wherever you need them —on

the bench top, in the field or on the production line.

Data crunching is a breeze thanks to a fast sampling rate of
3 MSa/s per single channel and a high analog input of 64
channels. The result is better signal reconstruction when

monitoring noisy signals.

You can use each module as a standalone unit or stack up
to 6 units with the Agilent U2700A Series chassis for
expansion. Our Agilent modular instruments measurement
manager software gives you quick setup and data logging.
And needless to say, the U2300A Series works seamlessly
with Application Development Environments such as
Agilent VEE, NI LabVIEW? and Microsoft Visual Studio®?

For high speed, high volume data crunching, check out the
Agilent DAQ solutions at www.agilent.com/find/USB_DAQ1.

Agilent Technologies
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Million gate VLSI. Mixed signal
SOCs. 0102 SMT parts. Embedded
flash. New technology means a
new fault spectrum-and new test
requirements.

Analyst in-circuit test coverage is
the perfect match to today's board
faults. Full in-circuit test. Power-on
test. Available TestJet Technology
and Boundary Scan. High
throughput ISP programming.

You're in production sooner at a
capital and operating cost that's a
fraction of yesterday's 'big-iron’
testers.

Call or click for the white paper,
“Low Cost Test for Complex Boards”

CHECKSUM

www.checksum.com
1-877-CHECKSUM

TestJet Technology is protected under US. Patent Nos. 5,124,660 and 5,254,953
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> Check out these exclusive features on the
Test & Measurement World Web site:

Test & Measurement World's top stories

Readers chose articles on the analog world, the future of engineering,
lead-free instruments, and semiconductor failure analysis as their top
picks from the 2006 editions of T&MW. The most visited articles in our
archives covered Smith charts, Windowing functions, and S-parameters.
Read these articles online now.

www.tmworld.com/2006_tops

Guest commentaries

EDA does support Serdes test

Stephen Sunter of LogicVision disagrees with part of chief editor Rick
Nelson'’s claims about ATE, BIST, and Serdes test.

IJTAG, SJTAG claims premature

Responding to a T&’MW interview, CJ Clark of Intellitech says efforts to
develop new IEEE JTAG standards are in the very early stages.

www.tmworld.com/guests

Sing along with Martin

“The Lab in the Corner,” written and performed by senior technical edi-
tor Martin Rowe, tells the tale of a secluded, yet powerful, test engineer.

www.tmworld.com/labsong

Blog commentaries and links

Taking the Measure

Rick Nelson, Chief Editor
® One cheer, two jeers for job churn
® Vista's blue circle of death

Rowe’s and Columns
Martin Rowe, Senior Technical Editor
® Get ready for pi day
® How smart should test equipment be?

Education and Careers

Amy Laskowski, Contributing Editor
® The ethical concerns of engineering weapons
® A laptop for every child

www.tmworld.com/blogs

Take a Test & Measurement Challenge

Respondents who answer one of our T&M Challenge questions cor-
rectly are entered into a drawing for a prize, courtesy of the contest
sponsor. New challenge questions every month!

www.tmworld.com/challenge
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More Than 158 USB Solutions

for Data Acquisition ...
Your Choice is Included

We invented high performance USB data acquisition. You've also seen the many advantages of
plug-and-play, self-powering, and portability that USB offers.

We have taken no shortcuts. All the many years of our data acquisition software and hardware
experience are encompassed in the industry’s widest and most comprehensive USB product line.
Here are some highlights:

’
channels @ 500kHz

Fully Isolated to 500V '

s

AP, S/=aY; ) pundry
: - Graphical

development,

no code, no wires

Acqulre plot,
Adaptor analyze, and save,
for MATLAB high performance
Use MATLAB with throughput

DT-Display

JPour boards Visual Studio

with LabVIEW Development
Tools

our hardware

-instruments,
no programming

Learn more at www.datatranslation.com, or call us at 800-525-8528.

DATATRANSLATION®

Inventors of USB High Performance Data Acquisition
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Tree loses race with PC’s CO,

The climate is warming—that's a consensus reached by skeptics
ranging from President Bush to Exxon Mobile executives. Bush

in his State of the Union address cited “the serious challenge of
global climate change,” and an Exxon official told the Wall Street
Journal that the company has softened its anti-global-warming
stance because of improved climate models.

What to do about climate change remains contentious.
Possibilities extend from worldwide implementation of the Kyoto
Protocol (Bush and Exxon still oppose that) to individ-
ual carbon-reduction efforts. To support individual ef-

CHIEF EDITOR

forts, Dell is soliciting customer donations to help plant
trees. A $6.31 tree, Dell says, will in 70 years absorb
the CO, released by three years of PC operation.

The problem with this plan is the PC’s tremendous carbon-gener-
ation head start. Back-of-the-envelope calculations show that the
PC will contribute 1.7 picodegrees Fahrenheit of global warming
by the end of its three-year life; temperature rise will continue for
66 years, to 28 picodegrees, when the tree begins catching up.

Dell's program can make

customers feel virtuous The pr0b|em with Dell’s
through a meager $6 dona- tree program is the PC's

tion tacked onto a PC pur-
chase. But to truly offset a huge head start.

PC’s carbon footprint, cus-
tomers would need to donate about $140 to plant 22 trees for
each PC purchased.

Then they would need to make sure their trees get planted in
the tropics. Writing in the New York Times, Ken Caldeira, a scientist
at the Carnegie Institution’s department of global ecology, notes
that trees in temperate climes absorb more sunlight than the farm-
land they replace, which offsets the cooling influence of their car-
bon sequestration. Trees planted in the tropics, however, help form
clouds, which reflect energy back into space. (In response to one of
my blog posts on this subject, Caldeira commented, “Dell is help-
ing to preserve forests in the lower Mississippi valley, which would
probably have some slight global cooling effect.”)

All this is to say that climate change is too complex to be ad-
dressed at the individual level, even with a company like Dell han-
dling the administrative work. Don’t get me wrong—planting trees
is good, and | hope Dell can generate significant donations to sup-
port reforestation. But keep in mind that Dell’s effort is more of a
marketing initiative than a serious effort to combat climate change.

What's truly required is what Times columnist Tom Friedman calls
the “Green New Deal”"—government programs and industrial proj-
ects to foster conservation and to perfect solar, wind, hydroelectric,
nuclear, ethanol, biodiesel, and clean-coal technologies. T&MW

See the online version of this article for links to references and my
climate-change calculation details: www.tmworld.com/2007_02.
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Truly high-end
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R&S®ZVA network analyzer — the culmination of our expertise

When Rohde & Schwarz introduces a new line of high-end prod-
ucts, you can expect the utmost in performance and innovation.
The R&S®ZVA is a good example. This family of instruments incor-
porates the culmination of everything that's possible in network
analysis today. Each instrument offers superior RF performance
paired with maximum speed, yet it's easy and intuitive to operate.
The R&S®ZVA makes amplifier and mixer measurements quick and
easy — including with pulsed signals, of course. Intelligent mea-
surement wizards turn the task of making complex settings into a
quick and clear-cut process, saving you time and reducing opera-
tor errors to a minimum. Let the R&S®ZVA show you just how con-
venient state-of-the-art network analysis can be!

@ Choose from our two-port and four-port models up to 8 GHz,
24 GHz, or 40 GHz (overrange up to 43.5 GHz)

# Complex measurements such as required on high-blocking
filters are straightforward owing to exceptional dynamic range
and output power

@ Two internal signal sources (four-port model) mean fast inter-
modulation measurements and mixer characterization without
an additional signal generator

# High measurement speed, optimized data transfer times, and
truly parallel measurements maximize throughput in production

@ And, for the first time, a new method enables you to perform
pulse profile measurements of very short pulses at high
dynamic range and resolution easily and cost-efficiently

ROHDE&SCHWARZ

www.rohde-schwarz.com/ad/zva40
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Into the bay: Buying a
spectrum analyzer

n Test & Measurement World's Test Voices column

tor November 2006, I offered some tips for

shopping for used test instruments on eBay. To
find out whether my advice was worth taking, I
set out to purchase a used Hewlett-Packard spec-

trum analyzer. I compiled a list of general specifications, chief among
which were frequency coverage to 1.5 GHz and an IEEE 488
interface. The instrument also needed to be in working condition and
not a “fixer upper;” while spending bench time resurrecting dead
equipment provides me with equal feelings of fulfillment and
frustration, I have other projects to tackle.

After secking well-informed opinions from
RF and microwave engineers and technicians
of my acquaintance, I settled on a Hewlett-
Packard (now Agilent) HP 8568B. Although it’s
an obsolete instrument, Agilent provides service
and operations manuals for the HP 8568B in
Adobe Acrobat format on its Web site. Availabil-
ity of documentation weighed heavily in my
choice, as did availability of spectrum analyzers
that offer backward-compatible programming
code capabilities. I won’t have to rewrite any
code if [ upgrade to a newer analyzer.

For a couple of weeks, I perused auction
listings for HP 8568Bs in various states of
condition. I settled on one oftered by a test-equipment broker and
described as ““.. fully tested, in working and excellent physical condi-
tion. Unit is very clean, with bright display screen and includes original
cables and manual.” I asked the seller a couple of questions regarding
his packaging methods and received prompt and satisfactory answers.

Choosing the seller’s “buy it now” option, I sent payment via PayPal
and a week later, FedEx delivered two large cartons. Other work
intervened, and a couple of days later I eagerly unpacked the cartons,
connected cables to the analyzer’s display and RF sections, and flipped
the power switch. As the unit warmed up, I discovered in consternation
that the RF section’s front-panel logo read “8568A.

Had I been swindled? No, according to the seller. Someone in the
warehouse had shipped the wrong unit, and he would send a replace-
ment upon receipt of the 8568A. I immediately shipped the 8568A,
and then the seller stopped responding to my e-mails and phone-call
messages. A couple of anxiety-filled weeks elapsed before FedEx
delivered the correct unit—an 8568B that looked cosmetically better
than the first unit and operated flawlessly. Now, my real adventure
begins: I'm looking forward to reacquainting myself with LabView
while programming the 8568B to operate under IEEE 488 control.
I'll keep you posted. T&MW

TEST & MEASUREMENT WORLD www.tmworld.com

BRAD THOMPSON

brad@tmworld.com

FOR MORE INFORMATION

To review my previous column and a few
tips for purchasing instruments via an
online auction, read “Test Voices” in the
November 2006 issue:

www.tmworld.com/2006_11

When you're considering the purchase
of an instrument via eBay, it's a good
idea to ask the seller for the instrument'’s
serial number, just in case you win the
bid but receive another instrument with
the same model number (and possibly
different characteristics from the listed
item). Auction sellers vary dramatically in
their desire—or ability—to respond to a
prospective bidder’s inquiries. | didn't
bid on two analyzers whose sellers
didn’t bother to reply to my questions.

Another buyer overbid me on an ana-
lyzer offered by a Canadian seller. After-
ward, | read the seller’s shipping instruc-
tions and noticed that the seller required
the winning bidder’s Social Security num-
ber. Apparently, in order for an item to
get imported into the US, the purchaser
must provide a taxpayer identification
number or a Social Security number.
Considering the potential for identity
theft, I'm pleased that | didn't win the
item in question. While legal documents
make my eyeballs glaze over, | checked
the following site, which includes the So-
cial Security information in a subsection
entitled “Import Requirements”:

www.cbp.gov/linkhandler/cgov/toolbox/
publications/trade/usimportrequire-
ments.ctt/usimportrequirements.doc

You can view specifications for the HP
8568B at these Agilent sites:

cp.literature.agilent.com/litweb/
pdf/5952-9394.pdf

www.home.agilent.com/agilent/product.
jspx?nid=-536902968.0.00&cc=US&lc=
eng

The HP 8568B's installation, operating,
and service manuals are available here:

www.home.agilent.com/USeng/nav/-
536902968.536881725/pd.html
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Switching?

We don’t make just “pretty” boxes.....

~ ___ Controlled with

3 S TCP/IP

Series G2
Rack Mountable Switching Systems

We know what you’re thinking, out we are very
excited for engineers to know about our Series G2 product line!
Except to our existing clients, this “box” doesn’t look that pretty to
the naked eye. But, if you review all the features included in our
programmable switching products, you'll see the hidden beauty!
The best part is that you get all these features at a competitive
price. See if you can find all the features included, then give us

a call Download our latest control software called
. RouteWarePRO and take it for a
- 1000’s of plug-in modules available FREE 30-Day fest drive today!
- Built-in Ethernet, GPIB and Serial ports B ——
- Hotswap redundant power supplies =3
- Field upgradable firmware }-ﬂew“ 24 Cxample

230 - Modhiles.
- Rugged aluminum construction
- Built-in rack and chassis slide mounting

- Solid-state, relay, digital or fibre optic switching @ BB e
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- Field proven performance and reliability s o

- BITE for superior performance W ggg—_

- International wide-range AC power capacity ;ﬁ% Eg

- Infelligent front panel illuminated control keypad plton Lot
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- Free LabView VISA drivers
- Excellent product support and quality
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Universal
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\ \ FREE catalog today.

Corporation
P ﬂ Phn +1818-381-5111

State-of-the-Art Switching Solutions Fax  +1 818-252-4868

7671 North San Fernando Road 1SO 9001:2000 Certified Email sales@uswi.com
Burbank, CA 91505 USA Web uswi.com
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26.5-GHz network analyzer speeds active-device test

Agilent Technologies has introduced its 10-MHz to 26.5-GHz PNA-X —
microwave network analyzer, which features an integrated second r
source and signal-combining network. Configurable as a two- or four-
port analyzer, the PNA-X employs a new signal-routing architecture that
transforms it from a pure network analyzer to an RF measurement hub.

The PNA-X's feature set, said Agilent product marketing engineer
Chad Gillease, enables engineers to make high-speed measurements
on amplifiers and frequency converters without requiring complex
multi-instrument setups. For example, he said, the analyzer’s integrated
second source can generate a fast fixed-IF or swept-LO signal for test-
ing mixers, improving measurement speed up to 35 times, compared
with using a traditional external source. In addition, he said, the PNA-X's
internal pulse modulators and generators enable users to make pulsed-S-parameter measurements up to 30
times faster than would be possible with analyzers that require external generators and modulators.

Gillease described several specific applications, including a two-port two-tone amplifier intermodulation-
distortion measurement, a four-port scalar mixer/converter measurement, and a four-port vector mixer/con-
verter measurement.

Specification details at 24 GHz include +16-dBm power levels, -59-dBc harmonics, and 40-dB power-sweep
range for the two internal signal sources. Dynamic range is better than 130 dB at 24 GHz, and the 0.1-dB
receiver-compression value is 12 dBm at 20 GHz. Base price: $92,000. www.agilent.com.

VSO forms alliance with will fully support the VITA 49 stan- robust API that fully addresses the

SDR Forum dard and provides a venue for VITA needs of both VITA and SDR Forum
members to influence the API require-  members.

The VITA Standards Organization ments. The SDR Forum is also exam- “VME technology played an early

(VSO) and the Software Defined ining the DigitallF standards used by role in the development of software-

Radio Forum (SDR Forum) have other industry associations operating defined radios,” stated Ray Alderman,

announced plans to collaborate on in adjacent markets. This will ensure a  executive director of VITA.“VITA

software-defined radio (SDR) specifi-
cation activities underway at each

organization. The initial focus of the Share data across networks
relationship will be in the area of Digi- LabWindows/CVI, the C-based application-development package
tal Intermediate Frequency (DigitallF) from National Instruments, adds the ability to share data over net-
data transport. DigitallF defines the works without TCP/IP programming. Version 8.1 adds a “network
signal and control data that is passed variable” that lets computers share data in the same way that
between the radio frequency (RF) sub- global variables let code modules share data within an applica-
system and the baseband signal pro- tion. Thus, you can use a PC to monitor — zms-
cessing subsystem of an SDR. a test system over any network. The =

VITA is developing the VITA 49 network variable is identical to the
standard, which defines this data trans- shared variable feature in LabView 8.0
port and allows manufacturers of these and 8.2.
two types of subsystems to use a com- To make use of the network variable,
mon data transport protocol, thereby a test-system controller PC must have -
simplifying integration and facilitating an application written in LabWindows/ ==
interoperability. The SDR Forum’s CVI 8.1, and it needs the network variable engine installed.
System Interface Working Group Remote-monitoring PCs need to use the LabWindows/CVI 8.1
(SIWG) is also looking at DigitallF, run-time engine to gain access to the data in network variables.
with a goal of defining the require- The version 8.1 run-time engine is backward compatible with
ments for a common set of application applications written in previous versions of LabWindows/CVI,
programming interfaces (APIs) that can although applications written in previous versions don’t support
later be standardized. the new variable.

Collaboration between the SDR Base price: $1199. National Instruments, www.ni.com/cvi.

Forum and VITA ensures that the APIs

TEST & MEASUREMENT WORLD www.tmworld.com FEBRUARY 2007 11




NEWS

USB

Data Acquisition CALENDAR

OFC/NFOEC, March 25-29, Los

Angeles, CA. Sponsored by Opti-
cal Society of America, IEEE, and
Telcordia. www.ofcnfoec.org.

members quickly saw the need for a
standard method to transport DigitallF
data over the various Gigabit-class data
connections. The VITA 49 Working
Group was established to address this
need.” SDRs are used in defense, pub-
lic safety and security, and commercial
applications such as RFID readers.
www.vita.com; www.sdrforum.org.

SAE, April 16-19, Detroit, MI.
Sponsored by Society of Au-
tomotive Engineers. www.sae.
org/congress.

Audio Precision opens
accredited calibration lab

Audio Precision, maker of audio test
equipment, has received accreditation
from the American Association for
Laboratory Accreditation (A2LA) for
its calibration lab located in AP's Bea-
verton, OR,, headquarters. All 2700
Series, ATS-2, and APx585 audio ana- ences, courses, and calls for
lyzers ordered from the company will papers, visit www.tmworld.com/
now be calibrated before shipping. events.

Customers who purchased their
audio analyzers before the new calibra-
tion procedure went into effect can

—-8cm—

International Microwave Sym-
posium, June 3-8, Honolulu, HI.
Sponsored by IEEE Microwave
Theory and Techniques Society
(MTT-S). www.ims2007.org/.

Low-Cost Data Acquisition
Starting at $99

* Up to 16 bits, 250 kS/s, 16 channels
¢ Highly portable, USB bus-powered

To learn about other confer-

calibrate any instrument sent in for
send their equipment to Beaverton for  valid warranty service within one year
calibration. Audio Precision will also

Full-Featured, Multifunction DAQ
o Upto 16 bits, 1.25 MS/s, 32 channels

¢ |solated options for measurement
accuracy and reliability

of purchase. www.ap.com.

Handheld spectrum analyzer
reaches 20 GHz

Anritsu has expanded its Spectrum Master product line with the
introduction of its MS2724B portable spectrum analyzer, which
operates from 9 kHz to 20 GHz. In addition, the company has
introduced its MS2721B and MS2723B versions, which offer fre-
quency coverage up to 7.1 GHz and 13 GHz, respectively.

The MS2724B offers a low phase
noise (typically =104 dBc/Hz at a 10-kHz ——
offset from 2 GHz) and a 1-Hz to 3-MHz = y

High-Performance, Modular I/0
o Upto 24 bits, 3.2 MS/s, 256 channels

o
* Modules for sensor inputs, analog /0, resolution bandwidth (RBW) range. The e
digital /0 MS2721B has phase noise of ~100 dBc/ oe
(X 1

Hz at a 10-kHz offset up to 7.1 GHz, and
the MS2723B has typical phase noise of
—104 dBc/Hz at a 10-kHz offset at 2
GHz. The RBW range of these units is 1 Hz to 3 MHz, as well.
These three models are the first in the Spectrum Master family
to feature a quasi-peak detector and CISPR-defined bandwidths
for EMC precompliance testing. In addition, the MS2721B can be
equipped with a tracking generator that provides calibrated out-
put from 400 kHz to 7.1 GHz with a power range of 0 to -40 dBm
in 0.1-dB steps. The MS2721B has typical displayed average noise
ratio (DANL) of —163 dBm at 1 GHz in a 1-Hz bandwidth; the
MS2723B and MS2724B deliver a DANL of —156 dBm at 1 GHz (1

To find the perfect USB device
for your system, visit ni.com/usb.

(800) 327 9894

‘7 NATIONAL
’ INSTRUMENTS'

© 2006 National Instruments. All rights reserved. CompactRIO,
National Instruments, NI, ni.com, and NI CompactDAQ are
trademarks of National Instruments. Other product and
company names listed are trademarks or trade names
of their respective companies. 7420-301-101
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Hz RBW) with the preamplifier on and —139 dBm with it off.

All three models also have a standard built-in AM/FM/SSB
demodulator and built-in preamplifier. The instruments provide
more than 2 hr of battery life.

Base prices: $13,950 to $20,950. Anritsu, www.us.anritsu.com.
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It’s all about the
cables

Imagine getting a huge headache trying to find the
right choice of network cables

Imagine the inability of not getting great resolution
from your High Definition TV

Imagine a place where you can’t find
high quality Fiber Optic cables

Now imagine a place where all of
your cable needs are met

Imagination becomes reality
al www.CablesOnDemand.com

Amphenol

Promo Code: PAMWO0107

You can SAVE 5% from now until February 28 if you make a purchase at www.CablesonDemand.com.
To redeem this offer, enter promotion code at checkout.




We've Taken Performance
To A New Peak.
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45008 RF Peak Power Analyzer

BOONTON 45008 PEAK POWER ANALYZER AND FAST PEAK SENSORS

Introducing the 56006 and 58318 peak power sensors optimized for use on the 4500B peak power analyzer. The 56006 peak
power sensor features a unique combination of industry leading video bandwidth and unsurpassed dynamic range that make it
ideal for measuring communication signals in 3G and future 4G wireless applications. The 58318 peak power sensor offers

a combination of broad RF frequency range and fast risetime measurement capability for the most demanding military and
commercial pulsed RF radar applications.

56006 58318

I RF Frequency range to 6 GHz I RF frequency range to 18 GHz

I <7 nsec risetime I <10 nsec risetime
(typical video bandwidth up to 65 MHz) (8 nsec typical)

I 70 dB dynamic range (pulse mode) or I 44 dB dynamic range (pulse mode) or
80 dB dynamic range (modulated mode) 54 dB dynamic range (modulated mode)

BOONTON

A WIRELESS TELECOM GROUP COMPANY

boonton@boonton.com ¢ +1(973) 386-9696 ¢ Fax +1(973) 386-9191 ¢ www.boonton.com
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[BENCH-LEVEL TEST]

The buses roll on

CI data-acquisition cards have

been around for more than a

decade. They handle a wide
range of the measurement tasks, but
PCI expansion slots are vanishing from
commercial PCs. Those remaining slots
are moving to the faster PCI Express
serial bus. Thus, building measure-
ment systems with PCI cards is getting
harder to do.

PCI also gets competition from PXI
and USB, the latter of which is partly
responsible for the loss of expansion
slots. “USB is the hot bus right now;”
said Bill Kennedy, sales and marketing
manager at Measurement Computing.
Engineers are, however, building plenty
of new systems with PCI cards.

In spite of the vanishing slots on
PCs, PCI card makers report brisk
sales. Industrial computers and expan-
sion chassis help because they provide
plenty of slots. Industrial comput-
ers also make it possible to use ISA
cards, which card makers continue to
build, although the rate has slowed
significantly. Many ISA-based systems,
though, require replacement cards, or

Free CDs on numerical modeling

COMSOL has released a series of free CDs that pro-
vide an introduction to numerical modeling. The CDs
provide the basics of multiphysics modeling, acous-
tics simulations, RF simulations, AC/DC simulations
(including electromagnetics), and reaction engineer-

ing. www.comsol.com/intro.

SENIOR TECHNICAL EDITOR

engineers are asked to build duplicates
of old systems.

Jon Tucker, lead marketing engineer
for nanotechnology, research, and edu-
cation at Keithley Instruments, said that
card makers still build ISA cards because
customers don’t want to incur the costs
associated with switching an ISA-based
system to one that uses a different tech-
nology. “That’s especially true with soft-
ware,” he added. Field wiring is another
reason for not changing to a newer
technology: A new card may use a dif-
ferent I/O connector that would be
incompatible with the existing wiring.

Although engineers who need ISA
cards can often still get them, card
makers don’t promote these cards
anymore. “We still get orders for cards
that use the ISA bus, the STD bus, and
the Q bus,” said Tim Ludy, product
manager at Data Translation. “One
person found an old card where the
analog-to-digital converter (ADC) was
a module instead of an IC and asked if
we could build more boards with these
modules. We’ll make legacy boards for
as long as we can get the parts.”

INTRODUCTION TO
. Multiphysics

&

Instrumentation amp design guide

Analog Devices' A Designer’s Guide to Instrumentation Amplifiers (3rd
ed.) is now available, in both print and downloadable formats. The free
book covers input coupling, specifications, matching instrumentation
amps to ADCs, application problems and their solutions, and EMI
reduction. www.analog.com/pr/freeinampguide.

Safety tester gets networked

Associated Research has added Ethernet communications to its Omnia
line of safety testers. A card installed in the tester also adds local bar-
code capabilities for tracking test results to individual units. The 8100
series perform hipot, insulation resistance, and ground-bond tests.

www.asresearch.com.

TEST & MEASUREMENT WORLD www.tmworld.com

MARTIN ROWE

m.rowe@tmworld.com

“Customers pay a premium for ISA
cards,” added Kennedy. “We have to
get parts made in through-hole pack-
ages, often from brokerage houses. If
the part is available in a surface-mount
package, then card makers may change
their product to accommodate the

PCI data-acquisition cards face
vanishing slots in commercial
PCs. Courtesy of Measurement Computing.

newer parts, provided that there’s
enough sales volume to support an en-
gineering change.”

Often, manufacturers of data-acqui-
sition cards have to discontinue older
products because IC makers discon-
tinue their ADCs. When that happens,
IC makers notify their customers
(the card makers) to make a last-time
buy. Card makers do the same for
their customers to give them time
to redesign their systems with newer
technology.

Who uses PCI data-acquisition
cards in new systems? All three people
I spoke with mentioned machine
builders who embed the cards into
PCs to use as controllers. Other ap-
plications I've run across include test
systems for automotive components
where cost reigns supreme. Other
applications include measuring sys-
tems where engineers don’t want the
measurement hardware accessible to
operators. T&*kMW

For more on PCl and ISA cards, including
past predictions, see my “Rowe’s and Col-
umns” blog at www.tmworld.com/blogs.
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Get proven Bluetooth® measuremen
with the push of a button.

Introducing the Anritsu MT8852B Bluetooth Test Set Including EDR—a proven
Bluetooth tester designed to perform a complete range of standard and EDR tests

at the push of a button. The MT8852B also comes with our free BlueTest2 software,
automating the creation of customized test scripts for efficient setup on your production

line. That’s probably why all the major chip-set makers use it for their Bluetooth testing. The Anritsu MT8852B
Bluetooth Test Set

including EDR
Call 1-800-ANRITSU to place an order or schedule a demo,

or visit www.anritsu.us/Bluetooth842

€3 Bluetooth /II'II'itSU

Sales Offices: USA and Canada 1-800-ANRITSU, Europe 44 (0) 1582-433433, Japan 81 (46) 223-1111,
Asia-Pacific (852) 2301-4980, South America 55 (21) 2527-6922, www.us.anritsu.com ©2006 Anritsu Company
The Bluetooth® word mark and logos are owned by the Bluetooth SIG, Inc. and any use of such marks by Anritsu is under license.
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[MANUFACTURING TEST]

n-circuit test has defied its skeptics

since the first analog test systems

emerged more than three decades
ago.The testers weren't fast enough.
Digital logic would be their down-
fall. They couldn’t find opens. They
couldn’t isolate circuitry sufficiently.

Today, little has changed. Test engi-
neers must deal with denser circuits,
eroding bed-of-nails access, higher
speeds, and lower voltages, as well as
the migration to lead-free solder. Yet,
supporters of in-circuit test (ICT)
have never wavered.Vendors have con-
quered each succeeding generation of
PCB architecture. Alternatives such
as functional test, boundary-scan, and
system test have run into their own
share of bottlenecks. ICT remains vital
to most manufacturers’ strategies for
meeting quality targets.

Still, according to Chris Jacobsen,
R&D manager for Agilent Technolo-
gies, ICT technology is at a crossroads.
To survive as a weapon in the board-
test arsenal, it will need to make a
strategic shift more fundamental than
“simple” design-for-testability. The cur-
rent standard of specifying 35-mil test
pads along a 5-mil board trace to ac-
commodate the bed of nails consumes
precious real estate and introduces ad-
ditional fault sites. In addition, the pads
are needed only until the board ships.
But what choice do you have?

To find a solution, Agilent assembled
the In-Circuit Test Measurement Sci-
ence and New Technology Group, an
in-house group consisting of Jacob-
sen and eight other engineers. Their
less-than-obvious suggestion was to
reverse the ICT roles of probe and
target. Instead of hitting test pads on
boards with sharp spring-loaded pins,
the group recommended hitting sharp
beads on the board surface with flat
fixture pins.

Unlike test pads, bead nodes con-
form to the dimensions of the trace—
about 5 mils wide and 15 mils long.
The solder-deposition step places an
oversized drop of solder on the board
trace through an open-mask stencil.

ICT faces the future

a) A bead node can make contact with
a flat fixture probe during test.

b) No wider than board traces, bead
nodes do not compromise circuit
density. Courtesy of Agilent Technologies.

During reflow, the wet solder flows
along the trace, while its surface tension
overcomes gravity, repeatedly creating a
sharply pointed feature (Figure 1a).
During testing, a flat 4-oz fixture
probe makes contact with the solder

CONTRIBUTING TECHNICAL EDITOR

STEVE SCHEIBER

sscheiber@aol.com

bead. The bead’s point begins to flatten
into an ellipse until it can support the
probe, in the process breaking up any
bead contaminants that could interfere
with the test. Jacobsen contends that
the mechanical effect differs substan-
tially from conventional sharp-pin
node penetration. He likens the action
to hitting a boiled potato with a frying
pan.The potato’s skin breaks up and
falls away, exposing the inside.

Figure 1b shows one reason why
design engineers will resist including
bead nodes far less adamantly than
their more traditional counterparts.
Bead nodes do not require push-
ing board traces farther apart, so they
don’t compromise circuit density, and
they don't affect the signal integrity of
high-speed traces.

It appears that—once again—the
report of the death of ICT has been
greatly exaggerated. T&*MW

TEST & MEASUREMENT WORLD www.tmworld.com

PXI module for JTAG test of differential I1/0

Goepel electronic’s PXI-5350 3U single-slot module provides 50 bidirec-
tional, differential channels, allowing for the test of differential connec-
tors or backplanes. The test channels are individu-
ally programmable as input or output and allow
simultaneous driving and measuring. In contrast to
conventional boundary-scan I/O modules, the PXI-
5350 is not controlled serially through a test access
port (TAP) but through a parallel PXI interface to in-
crease test-vector throughput. www.goepel.com

iNEMI to preview roadmap at Apex

The International Electronics Manufacturing Initiative (iNEMI), an indus-
try-led consortium, will preview its 2007 roadmap at this year’s IPC
Printed Circuits Expo, APEX, and Designers Summit in Los Angeles. The
roadmap will be featured in a keynote session at 8:00 a.m. on Thursday,
February 22. The 2007 roadmap will be formally released after March 5,
but this keynote session will provide a “sneak peek” at some of the
highlights and trends identified by the roadmap. www.inemi.org.

IPC Midwest Conference & Exhibition gains support

In the month following the December 13 announcement of the new IPC
Midwest Conference & Exhibition, test-equipment maker SPEA America
has joined six other companies in announcing their commitment to ex-
hibit. The event, targeted at the electronics assembly and PCB manufac-
turing industries, will take place September 23-28, 2007, in Schaum-
burg, IL. www.ipc.org.
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Agilent U1250A series handheld digital multimeters
Agilent U1252A handheld Fluke 189 DMM**

digital multimeter*
Display Resolution 50000 / 50000 50000 7 5000
(pri/sec,
True RMS AC+DC AC+DC
20 MHz Frequency Yes No
Counter
Square Wave Yes No
Generator

Supplied Battery  Rechargeable Ni-MH battery Alkaline
with built-in charging capability

u.s. 1-800-829-4444
canada 1-877-894-4414

© Agilent Technologies, Inc.2006
* Agilent U1251A and U1252A Handheld Digital Multimeter User’s and Service Guide, U1251-90002, August 2006
“*Fluke 1897 & 189 Users Manual August 2000, Rev. 2, 6/02

Grab hold of the powerful yet affordable new handheld
digital multimeters built to give you flexible, simultaneous

and accurate measurements.

The Agilent U1250A series includes a 4.5-digit resolution,
dual display for quick troubleshooting, validation and
unlimited data-logging via PC interface which can detect
hard-to-find intermittent problems. This handheld digital
multimeter series is designed to fit the way you work and

will feel like an extension of yourself.

Demand more from a handheld digital multimeter that's
built to test, designed to save. To discover more on what this
feature-packed device can do for you, visit www.agilent.com/
find/HHDMM. Order the new handheld DMM from an Agilent

authorized distributor or Agilent Direct.

Agilent Technologies
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DIGITAL VIDEO TEST

Three-step test verifies video equipment

MT VERNON, NYy—Key Digital Systems
manufactures audio and video distribu-
tion amplifiers and cables. Often found
in sports pubs, hotels, and in some
homes, the amplifiers take in analog or
digital video from DVD players and
set-top boxes and distribute it to TVs in
either digital high-definition multime-
dia interface (HDMI) format or analog
format.

Key Digital has reduced design-ver-
ification testing to just three steps (fig-
ure). The lab houses racks of set-top
boxes and DVD players and has TV
from numerous manufacturers.

Tests start with the physical-layer
(PHY), where systems and hardware
design engineer Yury Wolf-Sonkin
checks eye diagrams on the HDMI
streams for compliance to standards.
He uses a 6-GHz real-time oscillo-
scope with built-in HDMI-compli-
ance software to analyze the eyes.
“PHY testing comes down to eye
openings,” said Wolf-Sonkin. “The eye

WEBCAST

must have at least a 38%

opening at the receiver.” New design
The remaining tests re-
volve around software. Wolf- X m
Sonkin uses an HDMI proto- PHY testing <_ ar%s;;f:ggsrece
col analyzer to verify that a v
distribution amplifier’s trans- oo HDMI
mitted video and audio Set-top testing protocol analyzer
streams meet specifications. It boras v
also checks video sources for Interoperability
HDMI implementation. DVD testing Vs
Because a distribution slayeys

amplifier must connect to
both a video source and to a
TV, interoperability testing
requires connecting a distri-
bution amplifier to a wide
array of products that lets Key Digital
engineers find problems so users
won’t.

“The HDMI standard leaves some
things open to interpretation,” said
Wolf-Sonkin. Thus, an HDMI stream
may not be compatible with every TV.
Interoperability testing lets Key Digi-

Engineering tests of video distribution amplifiers
consist of physical-layer tests, protocol tests,
and interoperability tests.

tal engineers verify that a distribution
amplifier’s software can handle these
issues.

For links to sources of technical in-
formation about HDMI, see the online
version of this article at www.tmworld.
com/2007_02.

Martin Rowe, Senior Technical Editor

Oscilloscopes track intermittent signals

The oscilloscope is one
of the most familiar
test-engineering
tools—one whose op-
eration you mastered
in college, if not soon-
er. But scopes continue

to evolve, and that one
on your bench may of-
fer valuable capabilities
of which you are un-
aware. In the Webcast
“Finding and Trouble-

occur—for example,
the most common sig-
nal shape appears in
red, with the less com-
mon shapes spread
through the spectrum
toward violet. He notes
how a persistence
mode can help you
identify anomalies
such as an infrequently
occurring after-pulse,
and he explains how

shooting Intermittent
Signal Faults,” Dr. Mi-
chael Lauterbach, di-
rector of product man-
agement for LeCroy,
describes a variety of functions that

you can use to isolate runts, glitches,

and other signal abnormalities.

A waterfall diagram generated in sequence mode can help you deter-
mine how often an after-pulse anomaly (shown in blue) occurs.

Lauterbach begins by describing
persistence mode, which color-codes
waveforms based on how often they

TEST & MEASUREMENT WORLD www.tmworld.com

you can use a waterfall
display generated by a
sequence mode to
help obtain more in-
formation about such
an anomaly—for instance, that an af-
ter-pulse occurs once every 20 traces
(figure). He also introduces a replay
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Oscilloscopes track intermittent signals (ontinued)

mode, which lets you investigate
waveform history to help track down
runts and glitches.

Scopes are primarily time-domain
tools, but most can provide statistical-
domain views as well, which Lauter-
bach says can provide the best way to
characterize the amount of instability
in a key signal parameter. He notes that
you can use a histogram display to see
the maximum range of parameter val-
ues, their RMS variation, and the shape
of the distribution.

The Webcast also covers exclusion
triggering, which provides a way to
trigger on a rare signal fault when
you do not know what the fault looks
like. With an exclusion trigger, you
might, for instance, ask your scope to
trigger upon encountering clock
pulses that are less than 980 ns or
greater than 1.02 ps. Lauterbach dis-

NETWORKING EQUIPMENT

cusses the use of an exclusion trigger
in combination with persistence
mode—a technique that can help you
find signals with rise times that are
too fast (and therefore could cause
crosstalk) or too slow (and therefore
could cause timing problems).

Lauterbach also describes eye dia-
grams and mask testing, and he explains
how you can determine whether a fail-
ure is coincident with crosstalk, with
power-supply noise, or with some other
trouble source. He concludes by de-
scribing a waveform-search function
that can help you locate and analyze
rare events that can’t be captured using
hardware triggering schemes.

You can view the archived Webcast,
sponsored by LeCroy and Test & Mea-
surement World, at www.tmworld.com/
webcasts.

Rick Nelson, Chief Editor

Networking equipment may need

more test

“37% of IT and 46% of home users of
networking equipment reported expe-
riencing problems with the functional-
ity of networking equipment purchased
in the past two years.” That’s one of the
findings of a survey conducted by King
Research in October 2006 for the Fan-
fare Group, a maker of test-automation
software.

The survey (Ref. 1) concludes that
networking equipment such as DSL
modems and wireless print servers are
still hard to set up. “What surprised
us,” said Fanfare marketing manager
David Gehringer in a phone interview,
“was that such a large percentage of IT
users reported problems. We expected
a high percentage of home users to
have problems, but we assumed that IT
people, who have experience with
networking equipment, would have an
easier time.”

According to Gehringer, most calls
to technical support resulted from poor
user interfaces and poor documenta-
tion. But Gehringer pointed out that
IT people also report dropped packets

or improper forwarding and routing.
Still, users are resilient, with less than
5% of the respondents saying that they
returned products to vendors without
calling technical support. Before people
call for technical support, they often
look online, with Google being the first
place they go.

Interoperability may also be an issue,
especially when people connect new
equipment to old computers or other
networking products. Manufacturers
can’t test their equipment under every
possible installation. They may also be
reluctant to produce in-depth user
manuals because of printing costs. In-
stead, they rely on short manuals and
quick-start guides, which may cover a
significant portion of users but will leave
others wanting more information.

Martin Rowe, Senior Technical Editor

REFERENCE

1. "'Survey of Networking Equipment Qual-
ity," King Research, November 2006. A link
to the survey is available in the online ver-
sion of this article at www.tmworld.com/
2007_02.
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AUTOMATIC TEST EQUIPMENT

30 years of creativity and innovation

SPEA - a worldwide leader in the design, manufacturing, and distribution
of Automatic Test Equipment for testing semiconductors and electronic
circuit boards - celebrating its 30th year.

3030
In-Circuit Board Test Systems

4040

Flying Probe Test Systems

H1000

Reel to Reel and Pick & Place Handlers

Comptest MX
Mixed Signal Semiconductor Test Systems

sales@speaamerica.com -WWw.spea.com

2609 SSW Loop 323
Tyler, TX 75701 - Texas
Phone: +1 903 595 4433




At times, nothing could be better than a free port

( Especially when that port can do so much )

No muxing/demuxing or aggregation
Paint to paint, one to many and Fibre Channel
Arbitrated Loop (FC-AL) topology support

Fully non blocking any to any
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connectivity at wire speed
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\ , Fiber Delay Testing
Digital Diagnostics Fiber Exchange Pont
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Test Automation with a Physical Layer Switch

Media Cross Connect switches are ideal for the Lab Manager and Test Engineer who are trying to create a “light’s out”
and “wire once” environment. The Media Cross Connect can automate cable reconfigurations in storage systems,
servers, peripherals and operating systems. In test labs, the Media Cross Connect offers superior test efficiency and
productivity as well as cost performance by allowing test engineers to centralize, share and truly distribute redundant

pieces of expensive test gear such as protocol analyzers, traffic/data generators, devices under test (DUT’s), servers and
storage systems.

Service Aware Networking Technologies™

Managed by our secure Linux Network Management Card, the Media Cross Connect allows remote access so test
engineers can truly share lab resources and minimize downtime.

mediacrossconnect.com
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RF TEST

The analog in software radio

DEVICE UNDER TEST
SDR modules that mount
onto VMEbus single-
board computers. The
modules contain ADCs,
DACs, digital upconvert-
ers and downconverters,
timing logic, memory, a
PCl interface, and an
FPGA.

THE CHALLENGE

Test the performance of
the analog and digital
portions of the SDR. Test
ADCs and DACs for dy-
namic range, signal-to-
noise ratio, linearity, and
intermodulation distor-
tion. Test digital upcon-
verters and downcon-
verters, timing logic, and
memory.

THE TOOLS

e Agilent Technologies:
spectrum analyzer, signal
generator. www.tm.agji-
lent.com.

® Meterman: handheld
DMM. www.meterman-
testtools.com.

® Pentek: single-board
computer. www.pentek.
com.

® RLC Electronics: band-
pass filter. www.rlcelec-
tronics.com.

® SBS Technologies (now
GE Fanuc Embedded):
VME-to-PCl bus adapter.
www.gefanucembedded.
com.

® Tektronix: oscilloscope.
www.tektronix.com.

e \Wenzel: 100-MHz oscil-
lator. www.wenzel.com.

PROJECT DESCRIPTION
A software-defined radio (SDR) is a wireless
communications system that digitizes modu-
lated signals as close to the antenna as possible.
An SDR processes signals using digital algo-
rithms instead of analog circuits. Pentek
(Upper Saddle River, NJ; www.pentek.com)
produces an SDR dual-channel transceiver.
Each SDR module contains two analog-to-
digital converters (ADCs) and two digital-to-
analog converters (DACs), one pair for each
channel (figure). Because the digital portion of
the SDR is in software, the analog portion of
the card requires the most testing. Pentek mea-
sures many of the

unwanted harmonics and spurious signals
from the generator’s 70-MHz output signal.
The technician measures the SNR, SFDR,
and IMD of the ADCs. The test of the digital
downconverter (DDC) uses ADC data to
drive the DDC’s input. Output data from the
DDC goes to the FPGA, PCI interface, and
SBC and then to the PC for analysis.

In a DAC test, the SBC sends a digital base-
band signal into the UUT, which sends it
through the DAC to both analog outputs. The
technicians use an oscilloscope to view the
DAC analog outputs in the time domain, and
they use a spectrum analyzer to see the out-

characteristics that Signal
ADC and DAC GEmeEEr
£ [T -~~~ - - - - - - oo oo oo oo oo oo oo oo oo oo
manu acturer"s i SDR module under test :
measure: spuri- Bandpass | | N 1
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,,,,,,,,,,,,, | ]
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earity, and inter- S > = tig’&zg Quad |24 77EA | Flash |
modulation dis- test fixture [~ nccable | Clock/ | generator| | PDC > memory i
tortion (IMD). [ e bus |
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adapter. After ap-
plying power to
the unit under
test (UUT), a technician measures voltage
with a digital multimeter (DMM). Automated
testing begins with a boundary-scan test. Then,
the technician moves to analog testing.

The ADC tests include an input-overload-
detection test to verify the SDR’s full-scale
accuracy and overload signal detection levels.
Technicians also perform an ADC channel-
synchronization test and a decimation test,
which lets them check the programmable
decimation stage that follows the ADCs. These
tests check both channels using 10-MHz out-
puts from the signal generator.

To measure the signal quality of the ADCs,
a technician inserts a 70-MHz bandpass filter
in series with the signal generator to remove

TEST & MEASUREMENT WORLD www.tmworld.com

SDR modules require rigorous testing of their ADC and DAC analog circuits.

puts in the frequency domain. Technicians also
perform digital tests. The external clock test
verifies that both external clock inputs are
functional and that the operator can switch
between internal and external clocks.

LESSONS LEARNED
“Boundary scan is essential for troubleshoot-
ing and testing the many high-density BGA
devices on a board,” said Pentek VP Rodger
Hosking. “Maintaining adequate analog signal
integrity in the midst of digital circuitry is also
essential.” Hosking noted that good signal in-
tegrity requires clever board layout strategies
plus careful assembly, inspection, and testing.
Martin Rowe, Senior Technical Editor
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Test is a key part of moving field-
programmable object arrays from
design into manufacturing.

ILLSBORO, OR—Traditional approaches for ex-

tracting computational power from silicon

are insufficient for meeting the requirements

of machine-vision, professional-video, medi-

cal-imaging, radar-processing, and other de-

manding applications. That’s the view of the founders of

MathStar, who envisioned a silicon computational device

that could provide the performance of ASICs at the devel-

opment costs of FPGAs. The device they invented is the

field-programmable object array (FPOA)—a high-perfor-

mance, reprogrammable integrated circuit based on the

company’s proprietary silicon object technology, which in

its second-generation Arrix family of devices can process
logic functions at a clock rate up to 1 GHz.

Underlying the FPOA’s development was the Minne-

apolis-based founders’ extensive knowledge of how to
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efficiently implement in silicon the massively parallel
processing required to quickly execute the complex al-
gorithms required in machine-vision and other demand-
ing applications. MathStar founder and president Doug-
las Pihl said the concept arose when he was working
with a mathematician on DARPA-funded projects re-
lated to making supercomputing platforms sufticiently
fast to serve in very high-performance computing radar
detectors. “It made sense,” said Pihl, “to start a company
that would build chips to serve these applications.”

“We didn’t believe that FPGAs were going to be able to
keep up with the performance demands. We originally
thought we would build ASICs. But we saw that ASIC
development costs were at half a million dollars and rising,
and we didn’t believe the algorithms we planned to imple-
ment would serve enough market segments to make an
ASIC implementation profitable.”

Pihl said he did believe, though, that “the market would
be receptive to a product that filled the gap between
FPGAs and ASICs—one embodying a programmable ar-
chitecture coupled with gigahertz-rate performance. A lot
of people were saying they couldn’t afford to spend a half
million dollars to make an ASIC. A lot of people have ad-
opted FPGAs, which have been very useful, but we saw
that technology plateauing. People were finding that their
application would require two or three or four FPGAs—
and that’s just too bulky and cumbersome. So, we thought
the market would be very receptive to a new technology.”

He added, “We also felt our new device had to be
programmable, or we would have the same development
cost problem facing ASICs. We worked a long time on
developing an architecture thoroughly focused on per-
formance and programmability—maintaining our goal
of getting it to run at a gigahertz and still be a very pro-
grammable architecture.”

Unlike FPGAs, FPOAs are not user-programmable at
the gate level but rather at a higher, silicon object level.
Object types now include arithmetic logic units (ALUs),
register files (R Fs),and multiply/accumulate units (MACs),
each of which is programmable (Figure 1a).The objects
themselves are arranged in an internal grid pattern, sur-
rounded by functions such as memory and 1/O.The ob-
ject grid is overlaid with a patented, high-speed intercon-
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FIGURE 1. a) In an FPOA, a periphery surrounds a core consisting of arithmetic logic units, multiply/accumulators, and register
files. The core (inside the red line) operates at 1-GHz and requires BIST; other components operate at slower speeds and are
amenable to ATPG techniques. b) MISRs and LFSRs communicate with objects in a rectangle under test over party lines.

nect system that a customer programs to
serve unique applications.

Rad-hard advantages

The FPOA architecture has benefits in
addition to performance. Explained
Pihl, “Some of our very early customers
were in the mil/aerospace area and were
always looking for highest performance.
Several years ago, we started talking
with Honeywell’s space electronics
group. They had looked very seriously
at FPGAs, but they wanted to make
them rad hard. Because of massive
amounts of SRAM in an FPGA, that’s
very difficult. They would have had to
use triple-mode redundancy to get
around the soft-failure problem. Be-
cause of the space and weight and
power-supply limitations, it just wasn’t
practical. Our device is much more at-
tractive in this respect because it has
only 10 to 15% of the SRAM in FPGA:s.
Ultimately, we expect them to port our
device over to their rad-hard facility in
Minneapolis.”
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Engineering VP Tim Teckman noted
that FPOAs require less SRAM be-
cause the hard-wired silicon objects
don’t require gate-level programmabil-
ity. “Because the functions that we de-
liver in objects are higher-level func-
tions, there are fewer programmable
states. An ALU, for example, has 30-
some instructions and a number of
states that we can program with a few
hundred bits. If you are going to build
an ALU out of CLBs and LUTs, you
are going to have literally thousands or
maybe millions of bits of configuration
information. Because we have already
done the detailed design and optimiza-
tion, the end user doesn’t have to pro-
gram those functions.”

Added Pihl, “The same applies to the
interconnect structure. With an FPGA,
you are making connections all over an
array, and each path includes a whole
bunch of pass transistors, each of which
takes a configuration bit. With our chips,
you need just a few bits to specify the
destination and operation, and off it goes.

Also, we use the same basic PROM-
loader or JTAG-loader mechanism as do
FPGAs, but since we have fewer config-
uration bits, configuration time is much
shorter.”

You might expect that deep-pocketed
military and aerospace prime contractors
would opt for rad-hard ASICs, but Pihl
explained that even for the government,
ASICs are becoming too expensive. And
a bigger problem, said Pihl, is that invari-
ably a development team will get half-
way through an ASIC design, and system
designers and mathematicians will say,
“wait, we improved the algorithm—do
it this way,” resulting in huge cost and
schedule delays. “They want program-
mable solutions,” said Pihl. “They even
talk about reprogramming satellites in
space.”

MathStar developed its original tech-
nology in Minneapolis and maintains a
design team there. But Pihl believed
that to grow the company and move
the product from prototype to produc-
tion, it would be necessary to move to
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an area offering a wealth of semicon-
ductor talent. “A lot of ASIC designers
know how to work with standard li-
braries, but finding people that really
understood silicon—especially at the
transistor level—was tough. After we
got through the initial development
and produced our prototype chip, I felt
that if this was really going to work, we
had to move to a difterent area. It’s one
thing to build a prototype chip that
works, but quite another to make a
million.”

So in early 2005, the company estab-
lished its Hillsboro, OR, headquarters
and brought onboard, among others, en-
gineering VP Teckman, COO Dan
Sweeney, and marketing VP Sean Riley,
all of whom had worked at Intel. Teck-
man’s job was to reorganize the engi-
neering team to be more process ori-
ented with a much heavier emphasis on
test and simulation and timing extrac-
tion. Having shipped its first prototypes
in April 2005, the company in July 2006
received its first 1-GHz production units
from foundry TSMC.

Teckman said that the parts that went
into production in the fourth quarter of
2006 are 130 nm.Added Pihl,“When we
started, 90 nm was very early edge. We
heard horror stories, and we said we
didn’t want to take the process risk along
with the architecture risk. Now, with
Tim, we have more process knowledge,
but we still we feel we can get the per-
formance through the architecture, so
we can afford to hang back a process step
or so.”

Added Teckman, “We are doing some
interesting things with the process to
maximize the performance we get out of
it. We’ve started work in the 90-nm pro-
cess space, but we prefer to stay off the
bleeding edge of process technology as a
smaller company, because we are able to
hold back and still have 2X or so clock-
rate performance improvement.

“That said, we don’t think our tech-
nology is in any way tied to any particu-
lar process. We can use the same sort of
architecture and design techniques on
the processes as they mature. But there is
a huge cost in terms of time and re-
sources and dollars associated with being
on the leading edge, and we don’t think
we need to be there. We are delivering
the performance without it.”
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FIGURE 2. Users can convert a logic design into a physical FPOA implementation
using MathStar’s COAST tool, which provides a graphical user interface for place-
ment and connection of the silicon objects. courtesy of Mathstar.

BIST supports gigahertz
performance

The FPOASs’ built-in self-test (BIST)
implementation helps MathStar maxi-
mize performance while providing 98%
fault coverage for both stuck-at and
speed-related faults, according to Dick
Reohr, senior architect. He described
the FPOA structure as a prelude to ex-
plaining how test works: “The object
array is a matrix of symmet-

operate with many independent and
substantially lower-speed clocks. For ex-
ample, the external memory operates at
175- to 266-MHz DDR, the parallel
LVDS at up to 500-MHz DDR, and the
GPIO at 100 MHz. The RTL code de-
scribing the periphery interfaces is all
written in Verilog, and we use a scan
ATPG methodology to test the periph-

ery devices.” continued
Ty

rical objects that connect
together by abutment, so we
can easily change the size

Table 1. High-level BIST algorithm

Step Procedure

and shape and tiling pattern 1.
of the array, which operates 2.
in synch with a common
1-GHz clock. Surrounding 3.
the array is a ring of cir-
cuitry we use for BIST.”
That circuitry (Figure 1b,

. ! : ) to MISRs.
top. inset) consists prlnlar%ly 5. Shift LFSR chains to reconfigure objects
of linear-feedback shift-regis- under test.
ter (LFSR) pseudorandom 6. Repeat steps 4 and 5 a configurable number
number generators, which of times.
provide stimulus traffic into 7. Record state of MISRs into final BIST
the object array, and multiple- signature.

input shift registers (MISRs), 8.
which record and compress
results.

“Outside that collar,”
Reohr continued, referring
to the red square in Figure 1a, | 11

Disable I/0O.

Shift in rectangle under test (RUT) infrastruc-
ture into entire array with RUT at bottom left.

Shift in random seeds to LFSRs; initialize
MISRs and signature register.

4. Enable full-speed clocks for burst of activity;
provide random stimulus and record outputs

Shift all objects one column to the right. RUT
moves east one column.

9. Repeat steps 4 through 8 a configurable
number of times.

10. Repeat steps 2 through 9, moving RUT up
one row, a configurable number of times.

Read and compare final BIST signature.

“are periphery interfaces that
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Within the collar, Reohr continued,
“test is a little bit tougher. We faced a
tradeoff between performance and adding
testability hooks, and because of the delays
scan muxes would impose, we chose not
to add scan. So, we needed to come up
with some other way to test the internal
array. We had to come up with a BIST al-
gorithm that was scalable—that would
allow us to change the shape of the object
array as well as the tiling pattern. Each ob-
ject is unique, but from a BIST point of
view it must be self-testable using the same
BIST algorithm—that is, the BIST algo-
rithm must be independent of the tiling
pattern. We also need to run tests at the
full gigahertz clock rate, so we had to dis-
associate ourselves from any particular tes-
ter—we shift test data in and out at slow
speeds, turn BIST on, and let the chip
manage all the high-speed signals itself””’

One of the biggest challenges, Reohr
said, stemmed from the fact that BIST
“configures the part in a random way
that’s not realistic”’—that is, that doesn’t

mirror how the device will run during
normal operation—"and the amount of
power that we could potentially consume
could be too great, so we had to make
sure we limited test power to levels that
would permit wafer tests without requir-
ing cooling. Another challenge involved
the fact that random configurations estab-
lished by the BIST circuitry could con-
ceivably require a signal to traverse the
full array in a single clock cycle, whereas
single-clock data transfers by design occur
only within local neighborhoods.”

Reohr employed the concept of a “rect-
angle under test” to address these chal-
lenges. In Figure 1b, the yellow objects
represent the rectangle under test, and they
are fully powered up.The white objects are
powered oft to limit chip power consump-
tion, while the red objects are partially
powered up to allow the party-line (PL)
buses that connect all objects together to
carry data into and out of the rectangle
under test. The lower inset in Figure 1b de-
tails an object’s east/west PL bus.

Need a Cable Tester?

WWW.CIrris.com
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MathStar founder and president Douglas
Pihl said MathStar moved its headquar-
ters to Hillsboro, OR, to tap the area’s
wealth of semiconductor production
talent. courtesy of MathStar.

The rectangle under test, Reohr said,
can range from 1x1 to nx8, with the
exact configuration downloadable via
the JTAG interface. Large rectangles help
to verify timing over varying multicycle
paths, but they reduce observability. Test
typically begins, he said, with the rect-
angle in the lower left. The rectangle is
then marched from left to right and then
moved up one row, with the process re-
peating until test is complete. Table 1
outlines the BIST algorithm.

Test and simulation

Device test is only part of the challenge
of getting customers’ products up and
running. MathStar also needs to support
its customers’ efforts to develop and test
FPOA applications.

To that end, Teckman said, the com-
pany offers a variety of applications sup-
port. “We have several types of develop-
ment kits that provide a chip and
programming tools and some applica-
tions libraries along with training. We
offer one development board that con-
nects to a PC, and for military/aerospace
applications, we provide a ruggedized
rack of DIN cards that includes a control
processor and an FPOA. We have an in-
ternal IP development team that builds
things like FIR filters and FFTs for the
test-and-measurement applications—for
front-ending an oscilloscope probe, for
instance. In addition, third-party IP de-
velopers like Barco Silex and Cadre
Codesign, which have made a business of’
building IP on top of FPGAs, have now
started to migrate to our technology.”

Steve Kassel, director of silicon/system
engineering, explained the application
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development process. “Tool flow starts
with Summit Design’sVisual Elite—that’s
our design entry tool, which we use to
generate OHDL, or Object Hardware
Description Language, a Verilog-like
syntax we use to pass information be-
tween our various design tools. Custom-
ers then use COAST,” MathStar’s Con-

nection and Assignment Tool (Figure 2),
“for floor-planning and placement.
When the layout is complete, a compiler
combines OHDL and mapping files to
generate the image that’s downloaded
onto the target chip.”

Teckman said that customers can’t re-
arrange the silicon objects for chips they

er Supply
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already have—they can only reprogram
the connections. He explained, however,
that an Excel spreadsheet and a Perl script
are all that are necessary for specifying a
custom array that MathStar can build.
“We do that for our internal develop-
ment, and Barco Silex and end customers
all get access to this capability.” Ultimately,
he said, the goal is to take a simulation in
a program like Matlab from The Math-
Works and synthesize directly to objects,
with automatic place-and-route.

As an example, said Teckman, “We are
doing something like that today with
Barco Silex, which has built a comple-
mentary FPGA that sits next to an
FPOA. Barco Silex uses our tool with
Visual Elite from Summit and Model-
Sim from Mentor Graphics to form an
environment where they simulate a
complete design.”

Teckman emphasized that throughout
the design process, the customer is not
dealing with clocks or DLLs (delay-
locked loops) that could affect timing
closure. Data transfer timing between
nearest neighbors or over party lines is
completely deterministic, with nearest
neighbors and all party lines synchro-
nized to the exact same clock.

Said Pihl, “An advantage of our archi-
tecture and our tools is that we have de-
terministic timing. We can load a program,
and it runs at the full 1-GHz clock rate.
You won'’t have the clock-rate degrada-
tion as in FPGAs, which have a place-
and-route and timing-closure iterative
loop you have to go through.With FPOAs
you can literally simulate the timing and
performance of your application, because
we have cycle-accurate models of each
one of the objects in our chip.A customer
can know exactly what his timing is be-
fore implementing real hardware, making
for a very efficient design process.”

Pihl added, “We want to evolve the
toolset over time to make them easier to
use. Our current tools are based around
Summit Design’s Visual Elite, and we are
trying to expand that to deal with a whole
range of EDA companies, so customers
can use the front-end design tools they al-
ready have.” The goal is full support for
ESL, he said. “We want customers to have
the ability to do SystemC level simula-
tions and move down the hierarchy
toward automated development of the ac-
tual code that runs on our chips.” T&RMW
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very day, on countless assembly
lines, humans serve as quality in-
spectors. Their supervisors “pro-
gram” them by showing them
good samples and by describing
some faults to watch out for. By extrapolating
the information, the human inspectors can
flag various kinds of problems without hav-
ing been shown exact examples beforehand.
In terms of ease of programming, humans
are hard to beat, but we do have downsides.
Humans are expensive and are too slow to
keep up with the frenetic beat rates of today’s
assembly lines. Our eyes are not good enough
to match the output of ultra-fine manufac-
turing processes, and we have difficulty
keeping focused on very repetitive tasks. As a
result, human inspectors are giving way to
automated optical inspection (AOI) systems.
Of course, current AOI systems also have
limitations. They are quite brittle to accept-
able changes in the appearance of the boards,
parts, paste, and solder joints, and the process
of programming the systems can be time-
consuming and expensive. Some AOI sys-
tems need constant modification to accom-
modate acceptable variations in the
appearance of a printed-circuit board (PCB)
and its components. Without constant
“tweaking,” an inspection program that cur-
rently exhibits low false failures and low
false accepts may change its performance
adversely over time.
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‘What can be done to make AOI systems
easier to program and maintain? The answer
may lie in the human brain.

Applying brain science to AOI
Advances in brain science over the past 15
years have been dramatic, partially because
inventions such as magnetic resonance im-
aging (MRI) machines have made it possible
to see the brain in action. Researchers have
learned several lessons that can be directly
applied to improving the intelligence of
PCB AOI systems.

Naturally, some people may justifiably be
skeptical. For instance, exaggerated claims of
being able to create HAL from the Stanley
Kubrik movie 2001: A Space Odyssey by the
year 2001 led to great disappointment. Also,
researchers who wanted to model the neu-
ron and incorporate silicon neurons (popu-
larly known as “neural networks”) in optical
inspection machines have managed to
achieve only marginal performance.

But with recent advances in brain sci-
ence, researchers have learned more about
the functionality of the human brain and
have been able to implement their findings
in artificial intelligence systems. There are
five principles integral to brain function
that can be employed in AOI systems to
make them more reliable and resilient to
changes as well as easier to program and
maintain.

By mimicking the
adaptability of
the human brain,
manufacturers
are building
inspection sys-
tems that exhibit
a high level of
performance
over extended
periods.
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Principle 1: Collective action
Brains are inherently modular, with sen-
sory information being sent in parallel to
multiple areas of the cerebral cortex.
These areas analyze the inputs in difter-
ent ways, and their results are pooled
(Ref. 1). This style of functioning is akin
to a community in which each member
has his or her own domain of expertise
(Ref. 2). Each member’s performance
might not be sufficient alone, but their
collective action confers tremendous ad-
vantages to the whole assembly.

In the domain of machine learning,
this idea has come to be known as
“boosting,” or combining multiple, pos-
sibly weak, classifiers to produce one that
is surprisingly powerful (Ref. 3). Using
this approach when building a machine
simplifies the design (since it dispenses
with the need to create one monolithic
system), and it allows the system to be
more adaptive.

In the case of an AOT system, each
member of the community would cor-
respond to a software agent that special-
izes in a particular kind of inspection
(Figure 1). For instance, one agent
might look for the appearance of the ob-
ject under test, another might look at its
edges or transitions with the board, and a
third might look for the board that is
supposed to be underneath the part.

Agents that are confident participate
in the pass/fail decision, whereas the
opinions of less-confident agents are ei-
ther weighted less or dropped out of the
decision. Such a system is more fault tol-
erant than a monolithic one due to the
built-in redundancy, and it is also easier
to modify. Engineers can replace or re-
move agents without drastically modify-
ing the system architecture in order to
adapt to changing inspection criteria.

Combine
P/A, C P/A votes
P/A
Model looking
for the board l A % P l
X Fail: Missing v/ Pass: Present

FIGURE 1. Separate software agents in an AOI system can look for the part’s appear-
ance, the part’s structure, and the occlusion of the pads due to the presence of the
endcaps. Other agents can look for the absence of the part (or the presence of the
board). Each agent provides a decision on whether the part is Present or Absent as
well as a Confidence measure. These votes can be combined to make a final decision.

Principle 2: Anticipating
variations

The human brain never stops learning.
With each new experience, it updates its
world model, including tolerances on al-
lowable variations. This ability allows the
brain to anticipate variations in future
inputs.

Translating this concept to AOI, a
software agent could sample the board
on every inspection in order to best un-
derstand the visual aspects of the parts
and the board under test. The agent
could handle changing conditions on an
“inspection by inspection” basis rather
than relying on learned or programmed
conditions that may be no longer valid.

Furthermore, having the continuous
data allows the system to look for trends
of change and, in some cases, perform
process control. Figure 2 shows how an
AOI system can adjust dynamically to
sample the colors on every board by
looking at predetermined locations that
should contain the colors for various el-
ements. The colors can feed into the al-
gorithms that use them to ensure the al-
gorithms have the right color palette for
each board in the inspection process.

Principle 3: Examining data

in context

Information that is examined out of
context can be ambiguous. Consider an
impressionistic painting, in

which a paint daub that by
itself just looks like a brown
smudge is readily inter-
preted as a face when exam-
ined as part of the entire
picture. This idea also ap-
plies to real-world image
analysis. The brain ascribes
great significance to context
when interpreting images in

FIGURE 2. A PCB can be coarsely represented by just a few colors that often change across

boards. This figure shows the basic color set for two boards of the same type.
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the presence of noise and
other imaging imperfections

(Ref. 4).

(continued)
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It is widely known that there is a great
deal of variation in how things look on a
local level during the inspection of a
PCB. Shiny parts have a range of lumi-
nances and colors and tend to reflect the
image-capture system. PCBs have color
changes in the mask across the board and
over different substrates. In addition, the
boards, parts, and paste change their color
or their markings so frequently that it is
difficult to tell based on local informa-
tion whether the object is good or bad.

Dealing with these problems is simpli-
fied if an AOI system considers not just
the local information but also the gestalt
of the neighborhood. A device that looks
like a smattering of colored pixels can be
correctly classified when examined in
the context of the pads and board around
the device and the expected board un-
derneath it. A rotated part that on its
own does not stand out as a fault be-
comes plainly apparent when seen in re-
lation to the parts around it (Figure 3).

Principle 4: Qualitative comple-
ments quantitative
Neurophysiological studies of cells in the
visual cortex, the seeing part of the brain,
suggest that many neurons encode image
information far more coarsely than you
might expect. A single neuron might in-
dicate the direction of contrast over large
regions (is the left side brighter or darker
than the right?) rather than quantitative
information like the exact location of an
edge, its precise angle, or an exact color.
Why would the brain choose to throw
away the fine metric data in favor of
coarse relative estimates? It turns out that
this is a clever strategy for building in
variances. Inequalities are more tolerant

FIGURE 3. Without context, the 0201 device on the left looks correctly oriented.
When the 0201 is examined with respect to other properly placed components,
however, it becomes clear that the part is rotated.

to image changes than metric measure-
ments. A representation built from quali-
tative codes, therefore, turns out to be
more adaptable to imaging variations. A
face lit in any of a number of different
ways yields the same qualitative code, but
very different quantitative codes (Ref. 5).

This is a valuable insight for AOT sys-
tem design. Manufacturers often design
their object recognition systems to look
at fine details such as the precise transi-
tion between an object and its back-
ground or the interior transitions be-
tween luminance or color regions. These
are known as “edges.” Other systems
look at the exact colors or luminances of
different parts of the image.

But manufacturers could design their
systems to make representations for ac-
ceptable components or faults on a PCB
that are based on qualitative relations be-
tween regions. These representations are
likely to be more robust across variations
than those that include quantitative de-
tailed information. Figure 4 shows how
a qualitative representation can be used to
determine part presence or absence by

looking for a part in relationship to other
elements.

Of course, some quantitative informa-
tion is undeniably useful, especially for
process control. A challenge of AOI sys-
tem design lies in figuring out a good bal-
ance between invariant qualitative repre-
sentations and sensitive quantitative ones.

Principle 5: Prior knowledge
combined with experience
‘Within a few months of birth, a human
infant is proficient at localizing and even
recognizing faces in complex scenes.
‘What underlies such rapid learning?

One proposal suggests that evolution
has equipped the brain of a newborn
with a coarse face schema, which predis-
poses the infant to attend to patterns that
are more likely to be faces. The resulting
biased sampling facilitates the learning of
faces (Ref. 6). This is an example of how
the brain uses prior knowledge to boot-
strap its learning and uses real-world ex-
perience to refine its concepts.

This strategy translates to AOT sys-
tems. Agents combine built-in knowl-

Acceptable - part present

Acceptable - part present

Not acceptable - part absent

FIGURE 4. One qualitative model of a capacitor encodes regions where the endcaps are brighter than the body, the body is dif-
ferent from the endcaps, and the body is different from the background. This representation is satisfied when the endcaps are
bright or dark, the body is brown or pink, and the board color changes. The representation correctly fails the image when the part
is absent (right), because the endcap regions are not brighter than the paste, and the body is not different from the background.
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edge about PCB inspection with learned data about the board
under test. The knowledge gives the agents a base level of abil-
ity without user intervention. The learned data makes the
agents experts for that particular board. The dynamic sampling
for each inspection makes them even more adaptable to chang-
ing conditions. The result is consistently good inspections over
long periods without significant human modification of the
program. Figure 5 shows an example of how an AOI system
might combine built-in knowledge with learned knowledge.

A case study

Landrex and Imagen have tested these principles on a Lan-
drex Optima 7200 preflow inspection system. Tests done
in-house and at customer sites demonstrated that use of the
five principles increased the system’s performance over tra-
ditional techniques.

To understand how this works, consider an example of a
capacitor whose endcaps often appear oxidized and whose
body color changes from time to time. Imagine also that the
board colors change from assembly to assembly.

A traditional system that has learned one appearance of the
part and board may falsely fail a part when its appearance

AOI systems now “see” better
and can process information in
previously unimaginable ways.

changes, or it may accept a missing part as present when the
board color changes. Such a system would have to learn mul-
tiple color options and combinations in order to adapt to the
changing conditions.

In the 7200, if the part color changes, then from principle 1
(collective action), some models may fail the part or be uncer-
tain about whether it is present. Other models, however, that
look for structure or occlusion of the board will be strongly
convinced the part is present. This is bolstered by the fact that
one of the models uses the qualitative encoding from principle
4 to look for part structure and not part appearance, which is

often invariant to color or luminance changes. (continued)

RC
inspection
strategy
(image,
occlusion,
structural)

Board pad
information

Built-in knowledge of
how to test each part

Part geometry
information

FIGURE 5. Built-in knowledge, including part geometry infor-
mation, board pad information, and strategies for inspecting
each known part type, can give an optical inspection system
the ability to inspect parts on a PCB without ever having seen
any real-world examples.
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Principle 2 (anticipating variations) al-
lows the system to know the board color
has changed from the sample board and
to distinguish this from a part color or
luminance change. Principle 3 allows the
system to analyze the part in the context
of the board and parts around it, thus,
adding more information to the process.

Principle 5 (prior knowledge) allows the
system to tolerate variations by simply
knowing a part is a capacitor; the engi-
neer does not need to develop a compli-
cated program to teach the system all
possible variations and combinations.

In terms of false calls and false accepts,
the 7200 is able to achieve three orders of
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magnitude performance difference (from
1000 ppm to 10 ppm) compared to tradi-
tional techniques, such as image compar-
ison or edge detection. In addition, the
system is able to run over large durations
of time with little user intervention or
changes to the program while still main-
taining its low false call rate. For instance,
at one customer site, the 7200 required
only 15 discrete modifications over a
two-week period of continuous use on
roughly 5 million components. Once the
modifications were made, there was no
re-occurrence of the original issues.
Until recently, the capabilities of com-
puters, cameras, and lighting were quite
rudimentary, which constrained the types
of images that could be collected and the
processing that could be done. With the
introduction of faster computers, cheaper
memory, higher-resolution cameras with
greater color capacity, and white LEDs,
automated inspection systems can now
“see better,” and they can process infor-
mation in previously unimaginable ways.
In the coming years, as manufacturers
apply the synergies between the princi-
ples of brain science and computer vision
to their algorithms, the industry should
produce robust inspection systems that
are easier to program and that offer more
accurate assessments of PCBs. T&*MW
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SYSTEM AND SUBSYSTEM TEST

IEEE 1647 supports

THE SOFTWARE STANDARD DEFINES AUTOMATED TEST AND
MEASUREMENT IN TERMS OF SIGNALS APPLIED TO THE UUT,
MAKING THE UNDERLYING TEST EQUIPMENT TRANSPARENT.

MATT CORNISH, EADS TEST & SERVICES

ompanies in the aerospace and defense indus-
‘ tries use equipment for dozens of years, and

these line-replaceable units (LRUs)—such as
radar, radio, and positioning systems—require test
and calibration throughout their lifetime. Yet, build-
ing a test system that will serve an LRU for its entire
life is a nearly impossible task.

While test equipment has a longer life span than,
say, PCs, an instrument is likely to need replacement
before an LRU is taken out of commission—but after
the manufacturer has ceased producing that particu-
lar model. Thus, engineers often must

What is IEEE 16412

IEEE 1641 lets you define signals purely in terms of
the LRU under test, which makes it easier to replace
instruments in a test system and makes the system
itself more resistant to obsolescence.

You can define test signals by connecting Basic
Signal Components (BSCs), which form the basic
building blocks of any test signal; their attributes let
you define a test signal. The main groups of BSCs
are sources, conditioners, events, measurements, dig-
ital, and connections. A Test Signal Framework (TSF)

replace obsolete test equipment with
different models, and such replacements
usually require software changes to both
the test system and the test itself.

IEEE 1641-2004, “IEEE Standard
for Signal and Test Definition,” ad-
dresses the problem by defining a

Environment for test

Run-time system i

Signal function
implemented by h/w

Driver(s) <‘,:|::>

structure for test signals that makes

Test executive

Signal function

L

on a test system.

implemented

software portable among equipment Tost g implemented by h/w
(Ref. 1). By employing the IEEE 1641 program | —=>| ¢ T <":|::>
. @©
structure, you can replace a piece of {Signals | £
test equipment with minimal impact e — 8 Signal function
3
4
o

The IEEE 1641 structure may also be
the basis for synthetic instruments,

by controller

which use analog-to-digital and digital-
to-analog converters (ADCs and DACs)

TestResults
logger <=

(instrument communication)

Capability

to provide the functionality of multiple
test instruments. With the structure, you
can also develop simulations, which are

<=

— Switch
description

=

description

uuT

| Instrumentation (including switching) |

useful during product design. IEEE
1641 is also incorporated into other
software standards, such as Automatic
Test Markup Language (Ref. 2).
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FIGURE 1. A resource manager is the intermediary between signals
and instrument drivers.
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is a high-level grouping of BSCs de-
signed to provide a reusable block of
signal functionality.

A mathematically based Signal Mod-
eling Language (SML) lets you pre-
cisely define the signals within a BSC.
You can use SML to form a complete
functional model of a signal. Thus, you
can use it with traditional test instru-
ments or synthetic instruments to cre-
ate live signals, or you can use it for
simulations (virtual signals).

You can arrange BSCs and TSFs to-
gether to form a complete test signal,
known as a signal graph.You can define
signal graphs either graphically or
through text. If you use text, use Exten-
sible Markup Language (XML), which is
both machine readable and easily for-
matted for human reading.

You can also use Interface Definition
Language (IDL), which lets you create
a standardized programming object
such as an ActiveX object to represent a

amplltude =5mwW
carrierFrequency = 1 MHz

Sinusoid
amplitude = 1.1V | I
frequency = 90 Hz

phase = 0 frequencyDeviation = 1 kHz
() Source () Conditioner  Default value

Signal
—_—

FIGURE 2. A BSC for an FM signal consists of a signal source and a signal condi-
tioner, both of which contain attributes of the signal.

The details of Basic Signal
Components
BSCs contain the attributes that control
the behavior of a signal. Examples of AC-
signal attributes are amplitude, frequency,
and phase. A BSC for an FM signal could
consist of a signal source and a signal
conditioner (Figure 2). Both the source
and the conditioner have attributes that
define the FM signal, such as amplitude,
frequency, and frequency deviation.
Some commercial software programs
offer a library of BSCs that can make it

BSCs also have “In” connections be-
tween them. The “In” connection applies
to a signal passed to one BSC from an-
other. An exception to this rule is made
for the case of Carrier, where you must
distinguish between the modulating signal
and the carrier signal. Usually, no such dis-
tinction is required, as in the case of sum-
ming several signals. An “Out” connection
defines the output of the complete signal,
which should be applied to, or measured
from, a pin on the LRU under test.

Just as BSCs can define signals, they

also can define events.

e D s N
Sinusoid
amplitude =1v [ > RMS % Measurement = 0.707 V
frequency = 1080 kHz
phase =0
\ J
e B\
SingleRamp MaxInstantaneous Sinusoid
amplitude =1v [N condition = GT Gate, amplitude = 1V Out
riseTime = 1s limit = 0.9V frequency = 1080 kHz
startTime = 0 ’ phase = 0
N J \ J
() Source () Conditioner  Default value Signal Event

—

Thus, you can use
events to synchronize
or “gate” physical sig-
nals. For example, you
can gate a sinusoid
(used as an RF carrier)
with a clock to pro-
duce RF bursts as part
of a radar signal.

Tests require
measurements
Measurement BSCs
can be set up to let in-

FIGURE 3. BSC components have “In” and “Out” attributes that model signal paths within the BSC.

signal graph.You can then call the ob-
ject from most common programming
languages.

Because IEEE 1641 defines signals as
they relate to an LRU, you need a way
to translate the signal definitions onto
physical signals. You can use a resource
manager to map the BSCs and TSFs to a
system’s instruments and route signal
data to the instruments through drivers.
Figure 1 shows the resource manager as
the intermediary that maps signal defi-
nitions to instrument drivers. “Imple-
menting IEEE 1641,” p. 48, outlines the
steps required to put IEEE 1641 into
practice.
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easier to construct an IEEE 1641-com-
pliant test program. Compliant programs
assign default values to the attributes in
the BSCs, which simplify your work
even further. For example, the phase at-
tribute of a sinusoid is frequently not
important and you can ignore it. The de-
fault value for amplitude is zero for safety
reasons. An unexpected output from a
device where amplitude has inadver-
tently not been specified could cause
damage or injury. Attributes can also
have default units. For example, a sinu-
soid’s frequency has hertz as its default
unit. You can, though, specify a signal’s
frequency as a period in seconds instead.

struments capture sig-
nals and produce a re-
quired value, such as
RMS or Peak (Figure 3). BSCs can also
compare a measured value with upper or
lower limits to yield a pass/fail result.
They also raise an event for use as a gate
or for synchronization when a particular
condition is met.

Digital BSCs include logic levels, data
rate, and clock rate. They address the dig-
ital characteristics of the signal, such as
the voltage for a logic 1 (5V) and a logic
0 (0V). Don’t, however, confuse these
nominal voltage levels with the “analog”
attributes of digital signals such as rise
time and overshoot.

To create connections between signal
graphs and the physical test points on an

www.tmworld.com TEST & MEASUREMENT WORLD
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Low-cost DA

12 NEW PRODUCTS FROM MEASUREMENT COMPUTING

INTRODUCING
WIRELESS

8-channel, high-precision temperature

measurement devices operate as
WIRELESS and USB

PLUS
USB DAQ
PCI BOARDS
REMOTE DATA LOGGERS
ISA BOARDS
PCMCIA CARDS
PC/104 BOARDS
SERIAL /O MODULES ‘S8
GPIB/IEEE-488 X
EXTERNAL SIGNAL CONDITIONING
DAQ SOFTWARE

The largest selection of low-cost DAQ hardware and software for every skill set

MPMEASUREMENT COMPUTING www.mccdag.com



NEW, LOW-COST PCI AND USB

Remote data loggers with built-in sensors—from $49

el

ALL SOFTWARE ==
INCLUDED to

install, configure

and download data
Software includes
powerful stripchart

and export to

Excel®

Product Data Type Sampling/logging rate Measurement Range Storage Price
USB-501-LT Temperature 30-minute sampling rate -10to +50 °C (+14 to 122 °F) 4K $49
USB-501 Temperature Intervals: 10 sec—12 hrs. -35to +80 °C (-31 to 176 °F) 16K $59
USB-502 Temperature/humidity Intervals: 1 sec-12 hrs. -35to +80 °C (-31 to 176 °F) 16K $79
USB-503 Voltage Intervals: 1 sec-12 hrs. 0to 30 VDC 32K $79
USB-504 Current Intervals: 1 sec-12 hrs. 4to 20 MA 32K $79
Counter/timers

USB-4301 $249

5-channel counter/timer module

USB-4303 $349

All the features of the
» USB-4301, with 10 channels
Features 4

» Five 16-bit counters

» Up to 20 MHz inputs

» Counting applications

» Frequency measurement
» Rate generator

» 8 digital inputs and 8 digital outputs @ www.mccdag.com/ctr

Similar PCI counter/timer
modules available too!

APPLICATIONS AND ENVIRONMENTS: WAREHOUSES m BOATS ®m FOOD STORAGE m RVS m ATTICS m BASEMENTS

KITCHENS m WARDROBES ® WINE CELLARS ® REFRIGERATORS m CARS ® BUSES ® TRAILERS m SILOS m BARNS m KENNELS
TEST FIXTURES m FACTORY FLOORS m GREENHOUSES m HEATERS ®m VENTILATORS ® PLUMBING ® AIR-CONDITIONERS




DATA ACQUISITION HARDWARE. S

High-speed multifunction boards

16-bit
1 MHz
DAQ

PCl USB

PCI-2500 and USB-2500 series 16-bit multifunction data acquisition boards

Both the PCI-2500 and USB-2500 Analog Input | Digital | Analog | Counters | Timers

series boards provide true multi- Product Inputs Ranges 1/0 Outputs | (32-bit) | (16-bit) | Price
function performance with analog PCI-2511 16SE 1 24 . 4 2 $549
inputs, waveform capable analog

outputs, 24 high-speed digital PCI-2513 | 16SE/8DI 7 24 - 4 2 $649
1/0O, four counter inputs with PCI-2515 | 16SE/8DI 7 24 2 4 3 $749
quadrature encounter capability, PCI2517 | 16SE/8DI ; 04 5 R R $849
and two timer outputs. The

USB-2500 series also supports USB-2523 | 16SE/8DI 7 24 - 4 2 $799
four channels of thermocouple USB-2527 | 16SE/8DI 7 24 4 4 2 $999
measurement.

In addition to this rich USB-2533 | 64SE/32DI 7 24 - 4 2 $999
feature set, the 2500 series USB-2537 | 64SE/32DI 7 24 4 4 2 $1199
can be configured to sample a
combination of analog, digital, capabilities. Independently, these combination of analog and digital
and counter inputs concurrently digital inputs can be scanned at signals up to 1 MHz, as well as
up to 1 MHz with complex a rate of 12 MHz. The series can digital waveform generation at
analog and digital triggering also be configured to output a 12 MHz.

VACATION HOMES m COTTAGES m CAMPS m CABINS m CLASSROOMS ®m SUBWAYS m FERRIES ®m MINES ® HOTELS
RESTAURANTS ® DINING ROOMS m VIBRATION m NURSING HOMES m DYNAMOMETERS ® MARINAS m CHEMISTRY LABS




Software

Measurement Studio
Measurement Computing Edition
for Visual Studio®.NET 2003/2005

Measurement Studio—Measurement Computing Edition
is an integrated suite of classes and controls optimized
for test, measurement, and automation applications in
Visual Studio 2005 and Visual Studio .NET 2003.

ACQUIRE:

MCC DAQ and GPIB
libraries are integrated
into the Visual Studio
environment, enabling
scientists and engineers
to rapidly perform

the fundamentals

of any measurement
application.

* Analog 1/0O

* Digital I/O

* Temperature

* Counter/Timer
* GPIB

Lol

ANALYZE:
Measurement Studio
provides powerful
algorithms and analysis
functions designed

to add intelligent
decision-making
capabilities to your real
time application.

* Digital signal
processing

* Windowing

* Filtering

* Array and numeric
calculations

* Signal generation

* Statistics

* Curve fitting

* Spectral analysis

* FFT

PRESENT:
Extensible Visual Studio
User Interface (Ul)
components deliver
unparalleled flexibility
through customizable
displays. Measurement
and analysis are
presented in real time
through a wide selection
of display objects.

* Graphs

* Dials

* Gauges

* Buttons

* Tanks

* Thermometers

* Slides

* Knobs
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GARAGES ®m THEATERS m SWIMMING POOLS m HOT TUBS m AQUA

BUILDING INSPECTION m CONTAINERS ® KILNS m RACE CARS ®m SURVEILLANCE ® SECURITY m ROBOTICS ®m FORENSICS
WASTE MANAGEMENT ® ENVIRONMENT ® ACOUSTICS m SAFETY m TRAFFIC CONTROL ®m MATERIAL HANDLING = PIPING

DFTWARE FOR EVERY SKILL SET.

SEE IT LIVE!
www.mccdag.com/
FactoryTemperature

WEB-BASED APPLICATION
LAUNCHES IN BROWSER!

HVAC MCC
Vent Output Server 1
140 ) 140 ")
120 120 —

100 - 100
80 80 -
60 60 —
50- 50

With the power of Measurement
Studio Web-enabled applications
and Measurement Computing
USB hardware, our IT staff
monitors critical server room
temperatures at our factory. See
the Web-based application in
action at www.mccdag.com/
FactoryTemperature.

Measurement Studio—
Measurement Computing Edition
integrates your Measurement
Computing DAQ hardware with
powerful analysis and presentation
tools; classes and controls are
optimized for test, measurement,
and automation applications in
Visual Studio 2005 and Visual
Studio .NET 2003.

ED

www.mccdag.com/
factorytemperature

RIUMS m RAILROAD CARS m LOCKERS m EDUCATION




INTRODUCING

WIRELESS

Untethered temperature measurement and control
application across the lab, factory, or field!

With this new wireless technology (based on 802.15.4 protocol), you
can acquire and process temperature data for monitoring and control
at distances up to 150 feet (2,400 feet line-of-sight outside), without
the need to run wiring cables and conduit from the sensors to a PC.
A small USB interface module (WLS-IFC), attached to your PC, can
communicate with as many WLS-TC and WLS-TEMP units as you like

DA

Operates

throughout any industrial, commercial, or residential space. All our
™

wireless components ship with TracerDAQ = and all the software drivers
you need to get up and running in minutes!

COMPLETE SYSTEMS

SAVE $99

all-inclusive
ValuePacks

Complete wireless systems

$749
WLS-TEMP

Wireless 8-channel temperature
module; requires WLS-IFC
wireless gateway (see below)

» 8 input channels

» 4 sensor types: thermocouples,
thermistors, semiconductor temp.
sensors, RTDs (2-, 3- or 4-wire)

» Built-in ambient temp. sensor
» Independent temp. inputs
» 8 digital I/O bits with alarm

$149
WLS-IFC

$799 ($898 if purchased separately)
WLS-TEMP ValuePack

All the great features of the
WLS-TEMP and WLS-IFC
bundled together

PC interface for WLS Series modules

as
WIRELESS

and
USB

$549
WLS-TC

Wireless temperature module
for thermocouples; requires
WLS-IFC wireless gateway
(see below)

» 8 thermocouple input channels

» Supports J,K, R, S, T, N, E, &B
type TCs

» Built-in ambient temp. sensor
» Independent temp. inputs
» 8 digital I/O bits with alarm

$599 ($698 if purchased separately)
WLS-TC ValuePack

All the great features of the
WLS-TC and WLS-IFC
bundled together

» One WLS-IFC communicates to a virtually
limitless number of WLS-TC/TEMP modules

» Standalone Plug-and-Play
» No external power required
» 150 foot operating range

» LEDs inficate connectivity and
signal strength

@ www.mccdag.com/wireless




DASYLab 9.0 <@

Intuitive graphical DAQ development environment

DASYLab

Data Acquisition System Laboratory
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DASYLab—the Data Acquisition System Laboratory

DASYLab is a GUI application that allows you to quickly develop custom
DAQ applications without any programming. If you don’t have the

time or programming skills required to write a DAQ program, you need
DASYLab! Using the intuitive worksheet, modules and wire functions,
you’re only a few mouse clicks away from a complete application.

Over 90 data acquisition, control, processing, and
display functions

DASYLab offers extensive DAQ functions in the following categories/
modules (module availability differs by version):

Inputs/outputs ¢ Signal analysis e Trigger ® Control ¢ Display e

Files e Data reduction ® Mathematics e Statistics ® Network

@ www.mccdag.com/dasylab ‘

* Tabbed browser window

- Tree view of available modules by function
- Module search simplifies module selection
- Drag and drop modules from the tree view to worksheet
- Navigator tab lists all modules in current worksheet
* Status console/worksheet information window
- Displays active function libraries
- Monitors FIFO status with FIFO list and FIFO graph
- Verifies signal status and discrete data
* Enhanced FIFO memory management
- Provides options to avoid buffer overflow errors
- Status always available on console
» Warning messages displayed on the console can be recorded

to a log file

- HTML-based help, user tutorial and enhanced quick start

tools
* Supports 24-bit color

CHOOSE THE DASYLAB VERSION
THAT’S RIGHT FOR YOU—ALL
VERSIONS COME WITH MCC
HARDWARE DRIVERS.

DASYLab Lite $499
8-channel, limited module count, one
layout

DASYLab Basic $1199
Comes with all standard modules
(except Signal Analysis and Actions),
one layout

DASYLab Full $1599
Comes with all standard modules, 200
layouts and Sequencer

DASYLab Pro $2299
Full version plus Analysis Toolkit
option bundle

Call us today at (608) 946-5100

Based in Norton, Massachusetts, Measurement Computing offers the
largest selection of low-cost, PC-based data acquisition hardware and
software to customers around the world.

The largest selection of low-cost DAQ hardware and software for every skill set

MEASUREMENT COMPUTING.

www.mccdaq.com

©2006 Measurement Computing Corporation, 10 Commerce Way, Norton, MA 02766 * 508 946-5100 ¢ info@mccdag.com ¢ www.mccdag.com




LRU, you can use connection BSCs. A
connection BSC'’s attributes are typically
pin names that describe a contact within
a connector on what would commonly
be the unit under test (UUT). Once you
define your signal model using BSCs,
you can create a TSE Figure 4 illustrates
two radar TSFs.

The SML description of signals con-
tained in BSCs and, thus, TSFs lets you
build a signal that accurately simulates and
generates waveform data. You can use
SML to verify signals or produce wave-
form data for synthetic instrumentation.

SML is not, however, readily inter-
preted at a rate sufficient to meet many

real-time applications. Simulations pro-
duced using SML are effectively static.

Streaming signals
IEEE 1641 lends itself to a streaming
framework that provides an efficient
method of dealing with complex signal
definitions. A common example of
streaming is in multimedia systems, such
as MPEG data pipelined between “fil-
ters” that decode a data stream, split the
stream into audio and video streams, and
render these video and sound streams to
the screen and speakers.

Filters are the streaming equivalent

of BSCs, and a filter graph is directly

analogous to a signal graph. Coding of
BSCs as streaming filters, through an
existing framework such as DirectX,
provides a system for simulating and
synthesizing changing signals using
ADCs or DACs.

The streaming framework lets you pro-
duce and measure dynamic signal data
and plot the results. With most current
PCs, you can simulate, but not reproduce,
a real-time signal up to about 4 MHz.

With streaming, you can use a PC
sound card to test communication head-
sets and telephony devices. Recently,
PCI Express instrument cards brought
fast DACs and ADC:s to a faster data bus.

replyEfficiency range velocity
Transmitted radar signal Received radar signal
4 N O\
Sinusoid Attenuator SignalDelay
amplitude = 2.5V In L gain = 90% In delay = range Out
frequency = 1 GHz rate = velocity
phase =0 acc=0
In
Gate | T Gate
TimedEvent RMS ProbabilityBased
o 0 L In Event
period = 50 ps condition = GE
duration = 4 ps nominal = 0.1V prob = replyEfficiency
delay =0
. J /
() Source () Conditioner () Event () Event Conditioner  Default value Signal Event

FIGURE 4. These two TSFs, which handle transmitted and received radar signals, are formed from BSCs.

Sinusoid

amplitude = 2.5V

frequency = 98 MHz
phase = 0

Sinusoid

amplitude = 1.4V
frequency = 90 Hz

phase =0 ‘One of’

(Sinusoid,
TwoWire)

TwoWire

() Source

Sinusoid

e amplitude = range 0 to 10V
AM frequency = range 10
to 100 MHz
modindex = 0.3
PM ‘One of’
carrierFreq = (Sinusoid,
range 1to AM, PM, FM)
100 MHz
—
FM
carrierFreq =
range 1 to
100 MHz
() Conditioner  Default value SIggnaﬂ»

TwoWire

attenuation = 0
hi = pin01
lo = gnd

RF
synthesizer

FIGURE 5. This resource description of an RF synthesizer was constructed from signal graphs that contain BSCs.
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SYSTEM AND SUBSYSTEM TEST

Signals above 1 Msample/s can be gen-
erated live and on-the-fly from IEEE
1641 test programs through the stream-
ing framework.

Many applications, however, require
more accuracy and precision than a PC
sound card or data-acquisition card can
produce. For those applications, you
could use an arbitrary waveform genera-
tor and a digitizer.

When you reproduce an IEEE 1641
signal-graph within a streaming-filter
framework, you can transform signal
definitions into signal data. By rendering
this signal data visually, you can create a
simulation against which you can verify
a signal definition. Typically, a simulation
requires points of reference and measures
of scale, such as the voltage, frequency,
and time scales found on oscilloscopes
and spectrum analyzers.

Using BSCs to create resource de-
scriptions creates a common interface
between test programs and instrumen-
tation. Figure 5 shows a signal graph

By following these steps, you can create a tester that complies with I[EEE 1641:

1. Define a signal in terms of BSCs and TSFs.
2. Compare a signal definition with the resource description that a resource

manager holds for the test system.

3. Load drivers as resources are matched to signals.

4. Match connection BSCs in a pin map and load a driver to

control the system routing and switch configurations.

5. Allocate signal functions from a software library that can be imple-

mented on the system controller.

6. Log measurements and test results in XML format.

that describes a test resource (an RF
synthesizer).

Typically, a resource manager views the
definition of the test signal and maps it
onto a list of descriptions it carries for the
instrumentation. Here, the XML defined
in the standard becomes useful. Because
XML is well structured and supported by
software tools, you can easily parse data to
find a match between the signal defini-
tion and the resource description.

Digital
1)

SeaLINK USB serial
adapters are the fastest,
most reliable way to
connect peripherals to any
USB-equipped computer.

g
N
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We Listen. Think.

sealevel com > sales@sealevel com > 864 843 4343 ;
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And'Create:

Industrial
Computing,

SeaLINK USB Serial Adapters Provide: .
¢ 1,2,4,8, and 16-Port Models :

¢ RS-232, RS-422, and RS-485
Serial Interfaces

¢ Data Rates to 921.6K bps

e State Machine Architecture to
Reduce Host Processor Overhead

 Operation as Standard COM Ports
to the Host Computer ‘

* Lifetime Warranty

IEEE 1641 test programs fully define
the signals you must apply to, or measure
from, an LRU. Thus, you have available
all the information you need to source
new instrumentation. Furthermore, SML
enables simulations that provide valida-
tion that the output or measurement
from a replacement instrument meets
your requirements.

That said, many instrument-replace-
ment programs falter because test speci-
fications aren’t described rigorously
enough. For example, a replacement in-
strument with an improved frequency
response may seem to be a “better”
choice. Unfortunately, an unspecified (or,
more likely, unconsidered) part of the
test might have been to filter off high-
frequency harmonics. Now that they can
be measured, the test fails.

IEEE 1641 does not force you to rig-
orously specify all of the details in a test
program, but it does enable you to spec-
ify the attributes that improve obsoles-
cence management. Of course, as in all
cases, you still need good engineering
practices to be assured of success. T&RMW
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Test Definition,” IEEE, Piscataway, NJ. 2005.
www.ieee.org.

2. Automatic Test Markup Language (ATML)
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PCl Express made easy

with the Vanguard Express Analyzer

Powerful

e Supports x1 to x8 PCl Express

¢ Analyzer, Performance Monitor and
Protocol Checker

Packet based Graphical e Search or Filter for an event or pattern

event trigger sequencer i quickly
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Smaller inspection
firms find a niche

Steve Scheiber, Contributing Technical Editor

he printed-circuit-board inspec-

tion industry is dominated by a
handful of major competitors that get
most of the attention. Smaller compa-
nies cannot establish an identity in
the marketplace simply by being like
the “big boys.” Instead, they have to
offer features and capabilities, service
and support, or price advantages that
set them apart.

YESTech in San Clemente, CA,
epitomizes this “can do” attitude. I
recently discussed the challenges fac-
ing smaller firms with Don Miller, the
company’s president and co-founder.

Q: How does your approach to the
marketplace differ from that of your
competitors?

We try to look at the inspection
task from the point of view of the
customer. If the technology we offer
doesn’t meet the customer’s needs,
then it can’t be the right solution. If
all we do is mirror the offerings from
the industry leaders, then the cus-
tomer has no incentive to choose us
instead.

| INSIDE FlRL R0
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www.tmworld.com

Q: Do you plan to continue to develop
both automated optical inspection (AOI)
and x-ray products?

Some of our competitors believe
in a healthy growth of automated
x-ray inspection (AXI). They have
much more modest expectations
about AOIL Our AOI lines have been
very successful, and we are applying
what we have learned to our more re-
cent entry into x-ray inspection.

Q: What do you do differently?

More than anything else, we try
to make our systems user-friendly and
adoption-ready so that people can get
them up and running on the manu-
facturing line quickly and easily. For
example, we provide a visual front
end that users find more intuitive for
designing an inspection regimen than
they find wrestling with conventional
programming code to be. As a result,
our inspection systems offer advan-
tages to contract manufacturers and
others where high-mix, product
changeover, and program creation are
the gating items. We expect operators
to be able to create a complete in-
spection program in 30 min—a far
cry from the days of work that a
code-based program often requires.

Q: How do you achieve such fast
results?

We start with a standard device-
package library to simplify training
and ensure program portability across
manufacturing lines. We also rely on
PCs and other technologies that users
are already familiar with.

MACHINE-VISION & INSPECTION TEST REPORT

Don Miller
President and Co-founder
YESTech

Courtesy of YESTech

Q: What other advantages do you offer?

It often filters down to price, but
if you look more closely, it is our
flexibility. We can provide custom
software solutions or honor other re-
quests on the turn of a dime. I can do
in a couple of staff days what takes
the big guys months. We stand out in
front of the curve, anticipating our
customers’ needs. We are not tied to
our own intellectual property or stan-
dard systems. Big companies get pat-
ents. We provide other services.

Q): What are your plans for the future?
For one thing, we are looking to
expand geographically. We’re a rela-
tively new company, founded only in
2002. Until now, we have concen-
trated most of our efforts in North
America. But the emerging and fastest
growth markets are in India and
China and elsewhere in Asia. We’ve
done well there with manual x-ray
systems, but we are only now begin-
ning to expand into automated x-ray.
We also plan to expand further into
high-volume applications. As our
company grows, we become better
able to take proper advantage of
these enormous opportunities. []

February 2007 51



MACHINE-VISION & INSPECTION T e s T

REPORT

EDITOR’S NOTE

“Standard” doesn’t
mean “stagnant”

Steve Scheiber, Technical Editor

reating a standard has inher-

ent challenges. In the early
days of the test industry, test and
inspection equipment relied on
custom I/O buses. No bus provided
a perfect solution, but developers
could adjust their features and
capabilities to match
a specific need.
Standard alterna-
tives, such as GPIB
and VXI, of necessity
represented compro-
mises among the individual re-
quirements of the participants.
These standards have subse-
quently had to evolve to keep pace
with technological changes.

Two articles in this issue of the
“Machine-Vision & Inspection Test
Report” examine aspects of estab-
lishing a standard. “New standard
improves verification of Data Matrix
codes” explores what happens
when the conditions that a stan-
dard addresses change. The origi-
nal standards for verifying Data
Matrix codes assumed manufactur-
ers were printing black ink on white
labels. As direct-part marking has
become more common, this as-
sumption no longer makes sense.

“GigE Vision makes strides”
looks at factors you must consider
when implementing the GigE Vision
standard. For all the talk about
“plug-and-play,” you still need to
make decisions about network in-
terface cards and frame grabbers.

Standards are not panaceas.
They are merely tools that can help
us do our jobs more easily. Bending
them for your situation still requires
considering their limitations as well
as their advantages. [

Contact Steve Scheiber at sscheiber@aol.com.
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MVTec opens
US office

On January 1, Munich-based MVTec
Software opened a division in the US.
Based in Cambridge, MA, the new di-
vision (MVTec LLC) will support the
company's distribution partners in
North America.

MVTec Software products include
Halcon and ActivVision Tools.
Halcon provides a library of opera-
tors for blob analysis, morphology,
pattern matching, and metrology.
ActivVision Tools helps engineers de-
velop machine-vision applications
without the need for programming.

“Primarily, MVTec LLC will assist
our distributors in their customer
support, but at the same time it will
impart knowledge about this complex
technology,” says Dr. Heiko Eisele,
president of the new company.

"We received a lot of inquiries
from US system integrators looking
for standard solutions in 3-D robotics
for on-site production,” said Dr. Olaf
Munkelt, managing director of
MVTec Software in Munich. “Thus,
it is high time to expand our cus-
tomer base in the USA and Canada.”
WWWw.mvtec.com.

GKS expands on-site
services

GKS Inspection Services has enhanced
its Detroit-area dimensional inspec-
tion and metrology services with the
addition of a third Faro portable
CMM articulated arm. With the new
arm, GKS can better handle the in-
creased interest from customers for
on-site inspection and reverse engi-
neering services. GKS selected the
largest Faro model to be able to mea-
sure large parts, which are common
in the area’s automotive industry. The
12-ft platinum Faro arm is equipped
with both a touch probe and a 3-D
laser scanner. www.gks3d.com.

RedShift Systems
relocates

Thermal imaging supplier RedShift
Systems has moved its headquarters
to Northwest Park in Burlington,
MA, to accommodate anticipated
growth. The company’s new head-
quarters include significantly ex-
panded laboratory space for thermal
camera testing, as well as dedicated
facilities for RedShift’s advanced
characterization and calibration sys-
tems. www.redshiftsystems.com.

Nordson to buy x-ray system maker

Nordson, a producer of precision dispensing equipment that applies adhe-
sives and coatings to products during manufacturing, has agreed to acquire
Britain’s Dage Holdings, a manufacturer of test and inspection equipment
used in the semiconductor and printed-circuit-board industries.

Dage’s digital x-ray systems and bond testers analyze the integrity of
electronic connections in semiconductor packages and printed-circuit-
board assemblies and ensure quality and process control during the manu-
facturing process. The company employs more than 200 people and had
revenues of approximately $59 million during the 12-month period ending

October 31, 2006.

“The purchase of Dage fits Nordson’s strategy of acquiring companies
with above-average growth in markets currently served by Nordson com-
panies,” said Edward P. Campbell, chairman and CEO of Nordson. “Over
the three-year period ending April 30, 2006, Dage revenues and operating
profit grew at annual rates of 24% and 69%, respectively. These growth
rates are nearly identical to those of Nordson’s Advanced Technology
Systems segment, which since 2003 has grown revenues and operating
profit at annual rates of 23% and 59%, respectively.” www.nordson.com.
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New standard improves verification
of Data Matrix codes

Steve Scheiber, Contributing Technical Editor

hen creating any standard,
certain “rules” apply. A

standard must incorporate some fea-
tures critical to every company that
adopts it, but inevitably, every com-
pany will identify critical features
that the standard lacks. As a result,
standards must evolve as relevant in-
formation changes and as user experi-
ences reveal their shortcomings. The
standards for verifying the
Data Matrix codes that are a)
used to identify parts for in-
spection illustrate these prin-
ciples perfectly.

Currently, three standards
are used to determine the
mark quality of Data Matrix
codes—ISO 16022, ISO
15415, and AS9132 (Refs. b)
1-3). ISO 16022 is the 2-D
symbology specification. It
describes how to construct a
Data Matrix code, and it
guides developers in generat-
ing software algorithms that

h(g)

manding applications. Like 16022,
this standard assumes that all images
consist of black marks on white
paper labels. It includes only a single
lighting configuration, and the cali-
bration routine limits the system to a
fixed exposure and fixed gain for
image analysis. If you adhere to the
requirements, you will find that many
codes that an ordinary person can

Yet, as companies increasingly turn
to using direct part marking (DPM),
the appearance of marks is becoming
much less uniform. Data Matrix
marks are imprinted using a variety
of methods, so their color and shape
can deviate considerably, and the
variety of surfaces and materials on
which they are imprinted rarely pro-
vides a uniform white background.

Figure 1b shows a more real-
istic high-contrast hologram,
where the mark is less than
black, the background is
other than white, and the
peaks are not equal.
Although many companies

Remin GT

max

follow ISO 15415 for paper-
based Data Matrix codes,
companies that use dot-peen,
laser, or electrochemical-etch
marks have to conform to
AS9132. Created by the SAE’s
International Aerospace
Quality Group, this document
describes how to make the

g
255

read the code itself. The ini-
tial release also included an
appendix that defined mark
quality metrics.

Essentially, the standard
covers how to encode the in-
formation, how to decode it
when you read it, and how to

9
o ! ! ! 255
Rmin GT anax

Fig. 1 a) The old verification standard expected
black marks on white paper, producing matched
peaks near 0 and 255 on the 8-hit gray scale.

b) Marking directly on the part produces marks that
peak a considerable distance from 0 and 255, mak-
ing verification more difficult. courtesy of cognex.

marks. It was never intended
to address camera-based veri-
fication of a mark. It outlines
no measurement method, no
lighting configuration, and no
assurance of consistency in
the way that companies im-
plement its provisions.

verify that it is correct. The
standard assumed, however, that
codes consisted of black marks ap-
plied to white labels (rather than di-
rectly to a part), and it included no
measurable quality standards.

When a product is destined for mil-
itary or other high-reliability applica-
tions, manufacturers need criteria for
ensuring that a Data Matrix mark
will be readable throughout the prod-
uct’s life—heat, friction, and other in-
dignities notwithstanding. ISO 15415
was developed with the intent to pro-
vide a verification standard for de-
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read easily will fail an automatic veri-
fication system.

When using an 8-bit camera, each
pixel will have a value from 0
(100% black) to 255 (100% white).
The histogram of a well-formed
black-on-white code will have two
distinct peaks. One peak should have
a normal distribution near 0. This
peak will represent all the pixels
from the black cells. Another peak
closer to 255 for the white back-
ground should also have a normal
distribution (Figure 1a).

MACHINE-VISION & INSPECTION TEST REPORT

Carl Gerst, director of ID
products for Cognex, noted, “When
people mark parts by laser-etching,
dark elements tend to be larger than
light elements. CO, lasers will ‘over
burn’ during the marking process.
According to AS9132, overmarking
dark cells by as little as 5% will pro-
duce a verification failure.”

Because of the shortcomings of the
early standards, Cognex and other
imaging companies, working with the
Association for Automatic Identifi-
cation and Mobility (AIM), have pre-
pared a new specification, which the

www.tmworld.com
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Fig. 2 a) Marks that would fail ISO 15415 verification
will produce much better results using b) the tech-
niques defined in the new AIM standard. courtesy of Cognex

Department of Defense intends to adopt. It “explains how
to both specify and report quality grades in a manner
complementary to, yet distinct from, the method in ISO/
IEC 15415.” (Ref. 4.)

The new Quality Guideline is more flexible and realistic
than ISO 154135, as its specifications are independent of
the marking method. Whereas 15415 permitted only one
lighting configuration, the new standard specifies four:

e a diffuse perpendicular (on-axis/bright-field) setup,
which illuminates the symbol with diffuse light incident at
a 90° angle;

e a diffuse off-axis setup, which illuminates the object
from below and is effective on curved surfaces;

¢ a low-angle, two-direction technique that aims light at
the part at an angle of 30° +3° from two sides, illuminat-
ing the symbol area with uniform energy; and

* a low-angle, four-direction technique in which the cen-
ter of the beams from opposing pairs of lights are copla-
nar, and the planes remain at right angles to each other.

The new standard also outlines a method for setting the
optimal image brightness, allowing a range of exposure
and gain settings. Gerst said, “One concern with the AIM
DPM standard is that because you can adjust exposure
and gain, you could theoretically crank the system up to
infinity. To avoid this, the document limits the combined
increase in exposure and gain to 16X.” Figure 2 compares
images captured using 15415 and the AIM standard.

Using DPM to identify products undergoing inspection
represents a considerable improvement over paper labels
that can become defaced or can fall off. The implementa-
tion of the new AIM DPM Quality Guideline should help
manufacturers improve their ability to apply Data Matrix
marks in a consistent method and make verification of the
marks both easier and more reliable. []

REFERENCES

1.ISO/IEC 16022:2006, “Information technology—Automatic identification and
data capture techniques—Data Matrix bar code symbology specification, Inter-
national Organization for Standardization (ISO), www.iso.org.

2.1SO/IEC 15415:2004, “Information technology—Automatic identification
and data capture techniques—Bar code print quality test specification—Two-
dimensional symbols,” ISO, www.iso.org.

3.AS9132, “Data Matrix Quality Requirements for Parts Marking,” International
Aerospace Quality Group, www.sae.org/iaqg.

4. “AlM Direct Part Mark Quality Guideline,” Association for Automatic Identifica-
tion and Mobility. www.aimglobal.org.

www.tmworld.com

Superior Imaging
at High Frame Rates

NEW Falcon 4M60 SA

DALSA's Falcon Series cameras feature frame rates of

up to 62 fps in 8 or 10 bit output to increase throughput and
allow you to inspect more in less time. Combined with up
to 4 megapixel resolution and true global (non-rolling) or
electronic shutter, Falcon cameras deliver low noise and
fast, smear-free image capture.

Falcon Series cameras feature:

* 2 or 4 megapixel resolution

» Exposure control

* Flat Field Correction (FFC)

* 1000x anti-blooming

* Up to 62 fps

 Higher frame rates through vertical windowing
* Monochrome or color imaging

Falcon 2M30 SA | 1600 x 1200 or 1920 x 1080 | 34 fps Mono
Falcon 4M15 SA 2048 x 2048 16 fps | Mono or Color
Falcon 4M30 SA 2352 x 1728 34 fps Mono
Falcon 4M60 SA 2352 x 1728 62 fps Mono

Download product resources at www.dalsa.com/falcon/2t2
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GigE Vision makes strides

Steve Scheiber, Contributing Technical Editor

igh-speed vision standards

offer numerous advantages,
but the standards themselves repre-
sent only a means of communication.
Success in implementing them de-
pends on understanding the tasks
they perform and the equipment that
supports those tasks.

In November, Matrox Imaging in-
troduced its first interface card that
incorporates the new Gigabit
Ethernet (GigE) Vision standard.
Recognizing the considerable buzz
surrounding the standard, product
manager Dwayne Crawford declared
that the launch “allows customers to
take advantage of the latest technol-
ogy in the most optimal fashion.”

I asked Crawford about the chal-
lenges that a manufacturer would
encounter when implementing the
standard for the first time. He noted
that the industry is touting GigE
Vision as the up-and-coming tech-
nology that will eventually dominate
the market but that the critical issues
have not changed.

“Regardless of the standard de-
ployed in an application,” Crawford
said, “machine-vision developers
must choose their components care-
fully.” He added, “We expect most
of the new GigE products to be re-
leased in the foreseeable future will
be cameras.”

Network interface cards

Although cameras that conform to
GigE Vision will connect to any stan-
dard network interface card (NIC),
some NIC models work with high-
bandwidth cameras better than oth-
ers. Crawford recommended that
users look for an interface card that
supports jumbo frames, interrupt
throttling (sometimes called modera-
tion), and receive descriptors (see
“Choosing a network interface card
for GigE Vision,” on the next page).
Furthermore, because GigE Vision is
more complex than its conventional
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Ethernet predecessor, you will have to
configure the interface card for opti-
mum performance.

Before developing a GigE Vision
application, you should determine
how many I/O lines you will
need. As engineers in the IEEE
1394 (FireWire) community
have already discovered,
most typical NICs lack
auxiliary I/O.

Although accessing
system I/O on the cam-
era itself rather than on
the frame grabber offers a practical
alternative and proves equally effec-
tive, the camera may not possess
enough I/O lines for your application.
More importantly, the camera’s deci-
sion-making capability is often lim-
ited. Crawford cited one example in
which “a camera could not report to
an application that a trigger had been
missed because pulses were spaced
too close together.”

When selecting components, you
should also evaluate the application’s
image-processing requirements.
Standard NICs often cannot cope
with CPU-intensive preprocessing
tasks such as filtering, color-space
conversions, and transformations.
Instead, many users incorporate spe-
cialized frame grabbers into the pro-
cess to execute these tasks.

Camera description file

The GigE Vision standard character-
izes camera functionality according
to the camera’s end use. Some pro-
cesses require control of the image
size, while others demand acquisi-
tion and trigger controls, digital 1/O,
and analog controls.

Within each of these categories, the
GigE Vision standard flags each per-
mitted feature as mandatory, recom-
mended, or optional. Out of the ap-
proximately 180 standard features,
only a handful are mandatory, al-
though most are recommended.

MACHINE-VISION & INSPECTION TEST REPORT

Developers of GigE Vision systems
should specify a network interface
card that is designed for high-band-
width applications. Courtesy of Matrox Imaging.

Aside from the technical specifica-
tions, what will distinguish one GigE
Vision-compliant camera from an-
other? How can you select one that
suits your needs? Crawford summed
it up succinctly, “Everything depends
on the extent to which a particular
camera implements the standard fea-
ture list.”

GigE Vision requires that all cam-
era features be described in a “cam-
era description file” that follows
XML syntax. As long as a vendor
describes a feature adequately
through the XML file, the end user
can exercise complete control over
it. When an application or driver
parses the camera’s XML file, it re-
trieves the machine-readable equiva-
lent of the camera’s “instruction
manual.”

The GigE Vision standard dictates
that for a camera to be considered
compliant, its XML file must sup-
port the appropriate mandatory fea-
tures. Many cameras also exhibit a
list of optional features. A truly
compliant setup will implement the
standard feature list in such a way
that a camera from one vendor can

www.tmworld.com
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easily be replaced with one from another—a real plug-
and-play solution.

For machine-vision developers to successfully imple-
ment GigE Vision, they must understand its benefits and
limitations. They must also consider the extra costs associ-
ated with additional I/O lines and with alleviating the bur-
den on an overloaded CPU.

Crawford summarized, “Developers should buy their
cameras from a reputable vendor, and they should seek
out an NIC vendor who understands and addresses the
unique challenges of the machine-vision industry. But
hardware and software go hand-in-hand. A software envi-
ronment that implements the standard feature list and in-
corporates custom features as well will enjoy the greatest
acceptance in this competitive marketplace.” [J

FOR MORE INFORMATION
The GigE Vision standard is administered by the Automated Imaging Association. It
was officially introduced in May 2006. www.machinevisiononline.org.

The GigE Vision specification relies on the GenlCam standard to describe the fea-
tures supported by a compliant camera. GenlCam is a generic programming inter-
face that is administered by the European Machine Vision Association and sup-
ports cameras for various buses. www.emva.org.

Choosing a network interface
card for GigE Vision

When you are setting up a machine-vision system
based on the GigE Vision standard, Matrox recom-
mends that you look for a network interface card
(NIC) that supports:

Jumbo frames—Jumbo frames are GigE data pack-
ets that hold more than the standard 1500 bytes.
Setting the NIC’s jumbo frame size to a large value
improves GigE Vision’s performance, because each
packet can transfer more data, so the transfer pro-
cess interrupts the CPU less often.

Interrupt throttling—The interrupt throttling feature
allows the NIC to delay interrupting the host system
until a specified number of events have occurred. The
NIC then interrupts the CPU only once and transfers
all queued events. This feature means that the host
system does not have to service an interrupt for
every packet received.

Receive descriptors—Receive descriptors are soft-
ware metadata that the NIC associates with data
packets that it buffers in memory. The more receive
descriptors that an NIC has available, the more pack-
ets it can buffer. A large buffer space also ensures
that all packets can be processed—that is, none will
be overwritten before the host can deal with them.

www.tmworld.com

Versatile PCle
Acquisition Platform

Introducing X64 Xcelera—Next Generation
Acquisition/Processing Technology

NEW X64 Xcelera

DALSA's Xcelera Series is defining next generation frame
grabber capabilities with the ability to deliver bandwidth of 1GB/
sec over multiple-lane PCI Express implementations with room
to grow—from entry level frame grabbers to high-performance
image acquisition boards, and embedded vision processors.

Xcelera Series frame grabbers feature:
* Transfer rates of up to 1GB/sec from image to host
* Uncompromising real-time FPGA acceleration
* Combines shading correction with

output lookup tables
* Bayer decoding with gamma correction

and white balance
* Windows XP, XP 64-bit, and Vista compatibility
* Trigger-to-Image-Reliability
* Integrated GIOs for real-time external events
* ROHS compliant

Download product resources at www.dalsa.com/xcelera/2t2
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“Analog to Digital: 599*”

Basler scout — 28 New Digital
Camera Models with Gigabit
Ethernet and FireWire-b

Price/performance ratio at its best! Starting at
599 USD* for a 60 fps VGA camera

Up to 100 meter cable lengths for more flexibility

Enhanced bandwidth that allows even more cameras
on one bus

Progressive scan CCD sensors ranging in size from
VGA to 2 megapixels

Easy to integrate and a perfect fit for your vision
system with a footprint of 29 x 44 mm

A wide variety of built-in special features for
preprocessing

www.basler-vc.com/scout
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VISION TECHNOLOGIES

click. see. smile!

Basler-VC Sales and Support Worldwide

Europe +49 4102 463500 / vc.sales.europe@baslerweb.com
USA +1 610280 0171 / ve.sales.usa@baslerweb.com

Asia +65 6425 0472 / ve.sales.asia@baslerweb.com
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Solder-paste inspection system

Agilent Technologies has introduced the Medalist SP50
Series 3 solder-paste inspection system for inspecting
printed-circuit-board assemblies. Systems in the Medalist
SP50 family offer interchangeable lighting heads and can
be deployed at paste or pre- or post-solder as needs
change. Links to downstream repair stations and statistical
process control tools help users increase yields and improve
board quality. Agilent Technologies, www.agilent.com.

Vibration isolation workstation

The MK26 Series vibration-control workstation offers excel-
lent vertical and horizontal isolation efficiencies. Adjusted to
a 'o-Hz natural frequency, the workstation achieves 93%
isolation efficiency at 2 Hz, 99% at 5 Hz, and 99.7% at 10
Hz. The workstation has a capacity of 700 Ibs and can be
used with confocal microscopes, optical microscopes, wafer
probers, and atomic-force microscopes. Base price: $6920.
Minus K Technology, www.minusk.com.

Wafer loaders

Olympus Micro-Imaging has introduced the AL110 Series
wafer loaders for thin-wafer inspection. The AL110 can han-
dle 100-mm to 200-mm wafers with thicknesses down to
250 pm. The wafer loaders feature precise centering, and a
second back-inspection feature rotates the wafer to provide
100% back macro inspection for improved quality control.
Olympus Micro-Imaging, www.olympusmicroimaging.com.

GigE CCD camera

The GE680 CCD camera captures 200 frames/s at VGA
resolution and up to 1500 frames/s for a 25x25 region-of-
interest. It includes a Gigabit Ethernet (GigE) interface and
is suitable for a variety of machine-vision applications. The
camera is available in monochrome and color models and of-
fers a progressive-scan CCD sensor with global/snapshot
shutter, external trigger and sync, general-purpose 170, and
region of interest readout. Prosilica, www.prosilica.com.

FireWire-B cameras

The eight models in the FireDragon line of progressive-
scan cameras employ FireWire-B (IEEE-1394.b) technol-
ogy to provide transfer rates of 800 Mbps. Some models
deliver full-frame images up to 90 frames/s and resolutions
ranging from VGA to UXGA. Both monochrome and color
versions are available. Monochrome output can be set for

8 or 10 bits, while color output formats include 24-bit RGB,
YUV422, and YUV411. Toshiba Teli America,
www.toshiba-teli.com
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Matrox Imaging Library (MIL] 8.0

Now with Metrology!

60 Developers in every box.

Our team of programmers spend more than 100,000 man-hours per year developing
the Matrox Imaging Library (MIL). They’ve done the work so you can focus on building
your application.

Our field-proven industrial and scientific imaging library:

« offers a common API that supports Matrox Imaging’s entire hardware line
« is optimized directly by Matrox to use Intel® MMX"/SSE/SSE2 technology

« transparently offloads to Matrox ASIC/FPGA-based processing hardware
« runs under Microsoft® Windows® or Linux

Request a free 30-day MIL evaluation CD:
www.matrox.com/imaging/products/mil/home.cfm.

2> Contact us today!

1-800-804-6243/+1-514-822-6020
imaging.infoldmatrox.com
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Keithley embraces PXI

Richard A. Quinnell, Contributing Technical Editor,

and Martin Rowe, Senior Technical Editor

nstrument maker Keithley has

begun a thrust in a new direction
for its test instrument line. The com-
pany recently adopted PXI as a key
element in its latest test system. The
Series KPXI is a hybrid system with
PXI as the core, augmented with
high-performance stand-alone instru-
ments that connect to the core via
GPIB and LXI links.

We spoke with Keithley product
manager Mark Cejer by phone to dis-
cuss the motivation for this new di-
rection at Keithley.

Q: Why did Keithley decide to get into
PXI now, nearly 10 years after the intro-
duction of the technology?

PXT has started to attain critical
mass in our markets. When it was
first introduced, PXI tended to target
more classic data-acquisition applica-
tions of an electrical or mechanical
nature. What we are seeing now,
however, is that PXI is increasingly
being considered by test engineers in
the electronics, semiconductor, and
wireless industries. So, now our cus-
tomers are starting to ask for PXI.
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Q: Does this mean that PXI is winning
the instrument bus war with LXI?

PXI and LXI have to coexist and
have to be more complementary as
opposed to competitive. No one form
factor or communication bus can
solve every testing need, and we
really ought to utilize the best of
each. Let the application determine
the right kind of approach. Our in-
tention is to use PXI to complement
instruments and help test engineers
become more productive. By embrac-
ing both LXI and PXI, we can work
closely with our customers to help
them build more optimum solutions
to their electronic test applications.

Q: What makes hybrid systems the
right approach?

Electronics test system builders
need the precision of instrumentation
as well as the speed of a well-inte-
grated system. Our hybrid offering
can provide that precision as well as
dramatically speed test time through
parallel processing and concurrent
execution.

Q: How does it do that?

The PXI controller is the system
controller, talking with the LXI and
GPIB instruments over their buses.
Our SourceMeter instruments with
TSP test script processor use the GPIB
to download a script that the instru-
ment runs each time it is triggered.
The GPIB is used only at initializa-
tion. A digital I/O card from the PXI
tray triggers the instrument during

Mark Cejer
Product Manager
Keithley Instruments

Courtesy of Keithley Instruments.

operation to start it executing its
script. The SourceMeter output trig-
gers the RF products, which also have
sequencing capability. This distrib-
uted operation is the key to the
throughput improvement. The bus
transfer rate is not the bottleneck in
electronics test applications. Things
like soak time, switch closures, set-
tling times, and mode changes for the
device under test are the holdup.
Having distributed processing opti-
mizes triggering, timing, and coordi-
nation of the overall system to maxi-
mize throughput.

Q): Doesn’t this complicate the test-
development effort?

Yes, but if you try to make
things too simple, you end up com-
promising performance. For our cus-
tomers, the pressure is intense with
respect to profitability, and shaving
microseconds off the test time can
end up making or breaking their
product in the market. They are will-
ing to make the investment to have
somewhat more complex program-
ming because the benefits far out-
weigh the initial cost. [J
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PXI reaches maturity
Richard A. Quinnell, Technical Editor

t’s a bittersweet moment when

you realize that your children
have grown up. Not too long ago,
they needed special care and nur-
turing. Then, all of a sudden, it
seems, their natures have changed
and the relationships that once
held true need to be re-examined.

= Like a growing
1 child, PXI seems to
have reached a new
level of maturity that
merits viewing with
new eyes. The adop-
tion of PXI or PCI by Keithley,
Agilent, and other companies that
have traditionally developed stand-
alone instruments is evidence that
PXI and PCI modular instruments
have achieved mainstream accep-
tance. PXI is no longer merely an
emerging technology; it is a proven
tool for test engineering.

This evidence of maturity by no
means suggests that PXI has
reached its full potential. As evi-
dence of ongoing progress, wit-
ness the debut of the PXI Express
specification, which provides for a
45-fold increase in bandwidth over
the original PXI. On the applica-
tions front, BAE Systems, National
Instruments, and Phase Matrix an-
nounced last fall that they are col-
laborating on developing a 26.5-
GHz synthetic instrument based on
PXI Express—an effort that is ex-
pected to yield prototypes this fall.

As the technology continues to
grow, we will keep you posted on
new design and applications op-
tions. We welcome your input
about your experiences with PXI
and about where you hope the
technology is headed. []

Contact Richard A. Quinnell at richquinnell@
att.net.
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SDAQ), two analog output cards
(KPXI-AOQ), four digital I/O cards
(KPXI-DIO), and a two-channel digi-
tizer (KPXI-AI-2-65M).

The new PXI line also includes two
extension interface cards, one of
which extends a PXI system by con-
necting to other PXI chassis. The sec-
ond interface card lets you control a
PXI chassis from a PC through its
PCI bus. www.keithley.com.

Agilent to acquire
Acqiris

Agilent Technologies has agreed to
acquire Acqiris, a maker of high-
speed digitizer cards for the PCI,
CompactPCI, and PXI buses. The
product line also includes analyzer
cards that contain onboard digital
signal processors (DSPs) and multi-
channel instruments made up of the
company’s cards. The acquisition
marks Agilent’s first presence in the
digitizer card market since the com-
pany divested its line of VXI instru-
ments in 2003. It’s also the first time
in the PXI market in any way for that
long-time maker of stand-alone box
instruments. www.agilent.com.

Webcast overviews
PXI digital test

The PXI Systems Alliance and
Geotest—-Marvin Test Systems have
produced a Webcast entitled, “Using
PXI Digital Test Instrumentation for
Video Test Applications.” First aired
on December 6, the Webcast is still
available on the PXISA Web site.

The Webcast, presented by Dale
Johnson, Geotest’s customer technical
support manager, provides an over-
view of PXI digital test instrumenta-
tion architectures that can be em-
ployed for a range of high-perfor-
mance digital stimulus/response appli-
cations including video record/play-
back. Included is a discussion of how
a PXI-based test solution can be used
to address a video-test application.
WWW.pXisa.org.

Keithley introduces
PXI modules

Keithley Instruments, renowned for its
bench instruments, recently entered
the PXI market with the introduction
of a broad line of PXI instrument
cards, chassis, controllers, and acces-
sories. The company has introduced
eight models of multifunction data-
acquisition cards (KPXI-DAQ series),
two multifunction cards (KPXI-

Huntron teams with integrators

Huntron has announced that it has established an authorized integrator
program for its TrackerPXI and Access Robotic Probing Station systems. It
has signed on Advint (Columbus, OH), Custom Systems Integration
(Endicott, NY), and Larson Automation (Fremont, CA). TrackerPXI em-
ploys signature-analysis techniques to add component-level diagnostics to
existing PXI test platforms. The Access probing stations provide 20-micron
accuracy to provide reliable probing of small surface-mount components.

“Huntron traditionally has been involved in stand-alone test solutions;
however, our customers are driving us to integrate our TrackerPXI and
Access Robotic Probing Station as a complementary diagnostic tool for a
wide variety of automatic test equipment. We always try and provide our
customers with the most cost-effective solutions, and historically Huntron
has very little experience with integration. We thought the best solution for
us to support customers was to align our products with industry leaders in
the design, development, integration, test, and support of automatic test
systems,” said Bill Curry, Huntron president. www.huntron.com.
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When it comes to your signal switching requirements, chances
are that Pickering already has you covered. Our extensive line
of standard PXI switching modules covers signal management
from DC to light!

e QOver 500 PXI Switch Modules, more than all other PXI
vendors combined!

* Frequencies to 65 GHz w
e Current to 40 A
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* Highest PXI density on the planet (552 relays per slot)

e Optical Switching in all standard Wavelengths

* Custom Designs
* Full range of accessories, cables, diagnostic tools, etc. -

In addition, if your testing requirements need Ethernet control,
including the emerging LXI standard, all of our PXI Switch
modules can be used in our System 60 LXI chassis, with trivial
software changes. So you can feel secure that Pickering has
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Hybrids jump-start PXI Express

Richard A. Quinnell, Contributing Technical Editor

he PXI Express specification is

only a year and a half old, so
there are only a few modules avail-
able that take advantage of the higher
bandwidth it offers. Still, designers
should be ready to embrace PXI
Express in order to keep their systems
upgradable. One key to being pre-
pared is to examine the hybrid PXI/
PXI Express backplanes that are now
appearing on the market.

PXI Express (PXle) is an addition to
the PXI family of standards and is
based on PCI Express. PCI Express re-
places the parallel PCI bus with a se-
rial link to achieve higher data rates.
The serial link comprises a set of serial
“lanes,” each of which operates at 2.5
Gbps. The lanes are differential signals
that are self-clocking using an 8b/10b
coding scheme, which gives each lane
a raw data bandwidth of 2 Gbps.
Configurations of x1, x2, x4, x8, x12,
x16, and x32 lanes are possible, pro-
viding a bus bandwidth as much as
45X that of traditional PXI.

Unlike the parallel PCI bus, which
must be routed to all its many users,
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NATIONAL
TV NS NI PXle-10620

A hybrid chassis allows designers to
mix PXI and PXle boards, simplify-
ing upgrades as new boards become
available. Courtesy of National Instruments

the serial link is point-to-point.
Connections are peer-to-peer and
can be made nonblocking. Thus, the
bus bandwidth for a PXIe link can
be dedicated to the transaction taking
place, and simultaneous backplane
transfers between two pairs of cards
are possible.

In addition to the high-speed data
path, PXIe provides enhanced syn-
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chronization capabilities. Taking ad-
vantage of high-speed differential sig-
naling technology, PXIe distributes a
100-MHz clock to card slots. This
both improves the accuracy of timing
in the system and reduces the need
for clock multipliers to generate fre-
quencies greater than the 10 MHz
available on conventional PXI. PXIe
also offers differential triggers ar-
ranged in a star formation from slot
to slot to help enhance timing and
synchronization.

Software compatibility with PXI

A key feature of PXlIe is that mod-
ules based on the standard are fully
software compatible with PXI. This
compatibility results from hard-
ware within the PXlIe interface that
automatically handles the serializa-
tion of parallel data as well as the
out-of-band control signals (such
as interrupts), presenting the same
interface to application layer soft-
ware as traditional PXI. The conse-
quence is that operating systems,
drivers, and applications code de-

Fig. 1 The PXle
hybrid chassis has
card slots dedicated
to a) conventional
PXI cards and b)
PXle cards and also
includes c) hybrid
slots that can accept
a CompactPCl card,
a PXI card, or a PXle

card.
Courtesy of the PXI Systems Alliance
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veloped for PXI systems can run
unaltered on PXIe hardware.

The PXI Systems Alliance (PXISA)
released the PXle specification in
August 2005, and as yet only a few
compatible products are on the mar-
ket. These include PXIe controllers
from National Instruments, PXIe car-
rier boards for PMC modules from
Radstone Embedded Computing, and
a data-recording system from
Conduant. The available products are
not yet enough to make an entire sys-
tem based on PXIe. Developers can,
however, prepare to capitalize on new
PXIe products when they create their
next generation of test systems. The
trick is to use a hybrid chassis.

Hybrid systems open doors to PXle
A hybrid PXI/PXIe chassis, such as
the eight-slot PXIe-1062 from
National Instruments, allows design-
ers to create test systems that use
both PXI and PXIe cards. The NI
chassis uses a PXlIe system controller
and a PCI-to-PCle bridge to support
three types of peripheral card slots.
One type of slot accepts conventional
PXI cards, the second type accepts
PXIe cards, and the third type is a
hybrid slot (Figure 1). The hybrid slot
can accept a CompactPCI card, a PXI
card, or a PXlIe card as long as the
card is hybrid-slot compatible.
Together, the three slot types give de-
signers considerable flexibility, as
they can use various combinations of
cards when configuring a system.

Not all PXIT cards are hybrid-slot
compatible, however, so developers
should check their choices carefully.
The differences between compatible
and noncompatible cards are located
in the J2 connector area.

www.tmworld.com
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The J2 connector carries the PXI
local bus as well as power, timing,
and synchronization signals. The
PXIe card slot replaces the J2 connec-
tor of PXI with two connectors: X]3
and XJ4. The X]J3 connector carries
the eight lanes of high-speed PXIe se-
rial signals. The XJ4 connector car-
ries the power, trigger bus, and syn-
chronization signals of PXI.

This arrangement mates with
CompactPCI cards that do not use ]2,
as well as with PXIe cards, which use
only XJ3 and XJ4. Conventional PXI
cards that use the full J2 connector,
however, will not mate with the hy-
brid socket. To make these cards hy-
brid-compatible, developers have to
depopulate the J2 connector as
shown in Figure 2 and replace it with
the XJ4 connector, leaving a space
where the X]3 connector is located.

Many of the new PXI cards coming
on the market are now hybrid-slot
compatible, so developers will be eas-
ily able to create new hybrid systems
using new cards. For users that have
an inventory of older PXI cards, how-
ever, the presence of J2 will prevent
their re-use in new hybrid systems.
Fortunately, the card manufacturers
are starting to offer conversion ser-
vices. Send them your old board, and
for a small fee they will reconfigure it
for hybrid-slot compatibility.

Hybrid limitations

Working with a hybrid chassis does
have some limitations. One is that
the hybrid slot only supports eight
lanes, limiting bus bandwidth to 2
Gbytes/s. The second limitation is
the elimination of the PXI local bus
on the hybrid slots. For many users,
these limitations may have no signifi-

XJ4

Fig. 2 Legacy PXI cards
can be made compatible
with the PXle hybrid slot
by replacing the J2 con-
nector with a smaller one.
Courtesy of the PXI Systems Alliance

cance. The local bus is seldom used,
and a 2-Gbyte/s bandwidth still rep-
resents a significant performance
boost over conventional PXI.
Engineers who do depend on the
local bus, however, must be careful
to place the cards in the conven-
tional PXI slots only.

The availability of hybrid back-
planes helps developers meet both
performance and cost goals when de-
signing test systems. Low-bandwidth
functions, such as motor control,
switching, and general-purpose data
acquisition, can remain in the PXI
form factor instead of migrating to
the higher-performance PXlIe bus.
This helps keep system costs down, as
designers do not need to redesign the
modules for low-bandwidth functions
in order for the entire system to take
advantage of PXle’s higher band-
width.

At the same time, the hybrid
backplane gives high-performance
functions, such as high-channel-
count data acquisition, high-speed
imaging, and direct-conversion RE,
an opportunity for performance
growth. As PXIe boards for these
functions become available, design-
ers can replace the conventional PXI
board with the higher-performing
board without needing to alter the
system software.

By bridging the large legacy world
of PXI with the emerging world of
PXle, hybrid chassis offer developers
the opportunity to jump start their
adoption of the high-performance
bus. Eventually, as functions migrate
to the new bus, full PXIe system
backplanes will emerge. In the mean-
time, hybrid backplanes are here to
smooth the transition. []
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Signal-capture boards

UK-based DataQuest Solutions has ex-
tended its Spectrum M2i range of
PCI/PCI-X, CompactPCl, and PXI sig-
nal-capture boards to include the 16-
bit M2i.46xx series, which feature cap-
ture rates up to 3 Msamples/s on up
to eight input channels.

The boards capture signals with over
14.5 effective bits for a wide combina-
tion of speed and input ranges from
150 mV to £10 V. Internal RMS input
noise level is in the microvolt region on
higher ranges. Each channel uses its
own ADC to provide true differential or
single-ended input. To enable long cap-
ture periods, the boards include 64
Mbytes of storage, which you can ex-
pand to 4 Gbytes. Alternatively, you can
use the storage as a FIFO buffer for
real-time transfers to a PC. The boards

operate in PCl or PCI-X slots with 3-V
and 5-V 1/0 voltages. DataQuest
Solutions, www.dgsolutions.co.uk/
boardpagead.htm.

64-bit Windows driver

Strategic Test offers a Windows XP
Pro 64-bit driver for its digitizer, arbi-
trary waveform generator, digital 1/0,
and digital pattern generator cards. The
driver is compatible with all 150 PCI/
PCI-X, PXI, and CompactPCI products
in the UltraFast family.

Windows XP Pro x64 Edition sup-
ports up to 128 Gbytes of RAM and
16 Tbytes of virtual memory, so appli-
cations can run faster when handling
large data sets.

The Windows XP Pro x64 driver is
supplied at no cost and can be down-
loaded by existing customers from the
company's Web site. The same pro-
gramming concept found in the other

Windows and Linux drivers has been
employed, allowing you to upgrade
your operating system without modify-
ing your application code. Strategic
Test, www.strategic-test.com.

PXI platform suites

Aeroflex announced that it has added
new wireless test capabilities to its PXI
3000 Series modular wireless test
platform to aid the rapid production
testing of the most popular consumer
mobile devices.

Within a single software-definable
PXI modular platform, the Aeroflex
PX1 3000 Series now includes sup-
port for WiMax OFDMA, 1xEvDO, and
HSUPA. With the addition of these
new measurement suites, the Aeroflex
modular RF test systems now allow
testing of cellular, WLAN, and WiMax
in one product. Aeroflex, www.
aeroflex.com.
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Mix a wide range of I/O
in one small package

Rugged engaging
mechanism designed
for 10,000 cycles

High density, up to 320
signal contacts

Half-turn quick cam for
easy engagement

_f7_==_ Virginia Panel Corporation
vpc.com/icon
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- 27, 40, 46 or 60 GHz frequency range - Modulation domain analysis to 60 GHz
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High-voltage power-bus converter

Vicor's high-voltage Vel Chip Bus Converter offers a
power density of greater than 1000 W/in®. Designated
B352F110T30, the converter employs the company’s
Sine Amplitude Converter (SAC) technology and pro-
vides better than 95% efficiency. It operates from a
330- to 365-VDC primary bus to deliver an isolated
10.3- to 11.4-V secondary.

The converter can be used individually, or multiple con-
verters can be used in parallel for higher power. In addi-
tion, outputs may be connected in series to create higher

. voltages for applications
such as RF amplifiers. The
module package mea-
sures 1.28x0.87x0.26 in.
and is compatible with
standard pick-and-place
surface-mount machinery
and assembly processes.
It offers low junction-to-
case and junction-to-
board thermal resistance
to facilitate thermal management and reduce the need
for heat sinks.

Base price: $37.40 in OEM quantities. Vicor,
www.vicorpower.com.

Agilent announces four
Genesys EDA suites

Agilent Technologies has announced four new Gene-
sys EDA software configurations priced under $10,000.
The new packages support linear, nonlinear, and elec-
tromagnetic RF system simulation and RF synthesis.

Configurations for the new suites include:
® Genesys Core, which provides the schematic environ-
ment as well as layout, linear simulation, optimization,
Monte Carlo analysis, and data post-processing;
® Genesys Designer Pro, which adds eight passive and
active circuit-synthesis modules for RF circuit design;
® Genesys Nonlinear Pro, which adds harmonic bal-
ance and planar EM simulation to Genesys Core to en-
able true nonlinear transceiver design; and
® Genesys Comms Pro, which adds the Spectrasys and
WhatlF RF architecture tools to Genesys Core to allow
high-performance RF system design.

Agilent also announced a fifth new suite, Genesys In-
tegrated, which combines all the Genesys environment
and simulation modules into one software platform.

Base price: $3995, including 12 months of software
maintenance plus an upgrade to the next Genesys re-
lease, planned for March. Agilent Technologies, www.
agilent.com/find/eesof.

TEST & MEASUREMENT WORLD www.tmworld.com

Temperature measurements
go wireless

Measurement Comput-
ing has introduced |IEEE
802.15.4 wireless capa-
bilities to its USB-based
temperature monitors.
The new WLS-TC and
WLS-TEMP modules are
based on the company's
USB-TC and USB-TEMP
devices but add an RF
module that permits
wireless data transfer.
The WLS-TC input mod-
ule accepts eight channels of type J, K, R, S, T, N, E,
and B thermocouples. The WLS-TEMP module accepts
the same thermocouples and also supports RTD,
thermistor, and semiconductor temperature sensors.

Both models are capable of 150-ft range indoors
and 2460-ft range outdoors in direct-line-of-sight ap-
plications. To use the wireless capability, you need the
WLS-IFC interface module, which connects to a PC's
USB port and provides access to an unlimited number
of WLS-TC and WLS-TEMP devices.

Prices: WLS-TC—$549 ($599 with WLS-IFC); WLS-
TEMP—$749 ($799 with WLS-IFC); additional WLS-IFC
wireless interfaces—$149. Measurement Computing.
www.measurementcomputing.com.

Embedded controller has multiple 1/0s

Adlink's GEME-5000 embedded controller offers two
serial ports as well as USB, IEEE 1394, parallel, Ether-
net, and Compact Flash ports. All I/O ports, including
keyboard/mouse and

VGA, are accessi-
ble from the
front-panel.

You can power
the controller
from an AC
mains cord or
from DC, making
it useful for re-
mote applica-
tions such as automotive
testing. The GEME-5000, running a Pentium proces-
sor up to 1.4 GHz, comes with 256 Mbytes of RAM
and runs Windows 2000/XP, Embedded XP, WinCE.
Net, or Linux.

Base price: $2150. Adlink Technology, www.
adlinktech.com.

> > > >
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Dual-trace oscilloscopes
Equipped with a high-brightness
CRT, the Model 6030C dual-trace
analog oscilloscope from Protek
comes with a pushbutton-activated
component tester for checking in-
ductors, capacitors, and diodes via a
characteristics waveform displayed
on the screen. The scope provides a

30-MHz vertical bandwidth (-3 dB)
and an alternate trigger function for
stable display of unrelated signals. It
also features 5X magnification for
vertical input and 10X magnification
for horizontal sweep. A TV synch fil-
ter is standard.

A second dual-trace analog
scope, the 20-MHz Model 6020,

Connecting Innovation to Application®

VVinchesterElectronics

62 Barnes Industrial Road North ¢

Wallingford, CT 06492
Phone: 203-741-5400
Fax: 203-741-5500

www.winchesterelectronics.com
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provides alternate magpnification for
the simultaneous display of the
main and 10X magnified wave-
forms. This low-power (40 W) unit

e L L) —

also furnishes alternate trigger and
auto trigger functions for display
stability, z-axis modulation, and
10X magpnification for horizontal
sweep.

Base prices: Model 6030C—$484;
Model 6020—$449. Protek Test &
Measurement, www.protektest.com.

PCI Express exerciser

A companion development tool
for LeCroy’s PETracer Summit pro-
tocol analyzer, the LinkUP Trainer
helps you qualify PCI Express
products through Link Training
and Status State Machine (LTSSM)
testing. The card-based exerciser,
which operates at both PCI Ex-
press Gen1 and Gen 2 speeds,
enables you to find issues that can
affect interoperability.

LinkUP generates training se-
quences at 2.5 Gbps (Gen 1) and 5
Gbps (Gen 2) for lane widths rang-
ing from x1 to x16. It can be config-
ured to transition to various states
and to change data rates in order
to test speed negotiation. You can
also change each PCI Express lane’s
parameters, such as lane skew, po-
larity, and scrambling, to expose
physical layer issues.

The user interface runs on a
separate host PC connected to
the LinkUP system via either a USB
cable or Ethernet 10/100-Mbps
port. System status updates auto-
matically at specified intervals.
Status reports include current op-
erating width, data rate, link num-
ber, lane reversal status, RX polar-
ity, scrambling status, and
advertised parameters of the de-
vice under test.

LeCroy, www.lecroy.com.

www.tmworld.com TEST & MEASUREMENT WORLD
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400-W/600-W modular

power supplies

The Xhite series of modular power
supplies from Excelsys offers full
load operation up to 70°C, making
the supplies suitable for operation in
harsh environments that have high
ambient temperatures and wide
temperature fluctuations. The series

comprises two PowerPac chassis,
with ratings of 400 W or 600 W, and
a complete family of field-configu-
rable plug-in DC output modules.
The PowerPacs accept universal
input from 85 VAC to 264 VAC with
plug-in modules offering single and
dual outputs ranging from 1.5 VDC
to 58 VDC. All configurations are

The right tool for the
job can make all the
difference.

But, you can go too far!

features and performance you need f
testing at only $9,990

-115 dBc/Hz @ 100 kHz phase noise
-100 dBm to +20 dBm output
-80 dBc spurious

15 ms frequency switching speed

cessible

2.5 ms amplitude switching speed

Rethinking Test and Measurement
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RoHS-compliant, approved to
UL60950/EN60950 safety standards,
and are rated for EN55022/FCC
Level B conducted and radiated
emissions.

Xhite power supplies employ a
two-transistor forward-converter
front end and zero-voltage resonant
switching with plug-in DC output
modules that use planar magnetics,
surface-mount components, and
high-efficiency DC/DC conversion
techniques. The supplies are pack-
aged in a compact 9.85x5.00x1.57-
in. form factor.

DC outputs are floating with no
minimum load requirements, +0.1%
line regulation, and +0.2% load reg-
ulation. Outputs can be connected
in series or parallel for increased
power, and they feature comprehen-
sive protection against over-voltage,
over-current, and over-temperature
conditions. Standard signal options
include mains power fail, global in-
hibit/enable, 5-V standby, output
power good, output inhibit/enable,
remote sense, and remote adjust.

Excelsys Technologies, www.
excelsys.com.

Switching power supplies

Tamura’s AAD60OS series of single-
output switching power supplies of-
fers 600 W of tightly regulated
power in a compact package that is
only 9.00x4.00x1.59 in., making it
useful for low-profile, TU-high appli-
cations.

The
AAD600S
provides a sin-

gle output of 12 VDC, 15 VDC, 24
VDC, 28 VDC, 36 VDC, or 48 VDC
and accommodates a universal AC
input range of 85 VAC to 264 VAC,
47 Hz to 63 Hz.

The unit also provides active
power factor correction for
EN61000-3-2 Class D compliance.
Built-in cooling fans and over-cur-
rent, over-temperature, and over-
voltage protection circuits ensure
reliable performance for industrial,
datacom, networking, and telecom

www.tmworld.com TEST & MEASUREMENT WORLD
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applications. Status and control
functions include remote sense, DC
OK, power fail, remote on/off, and
single-wire current share.

Options include inverted status/
control signals, internal OR-ing di-
odes, and auto-recovery, hiccup,
latch-off, and fold-back protection
modes. All models are RoHS-compli-
ant, bear the CE Mark (LVD), and are
rated for EN55022 (Level B) and
FCC Part 15 Class B emissions.

Tamura, www.tamuracorp.com.

Integrating sphere

Gigahertz-Optik's UPB-150-ART inte-
grating sphere is designed for multi-
purpose single- or double-beam re-
flectance and transmittance
measurements in both +8° and 0°
geometries. The five precision CNC-
machined application ports offer a
symmetrical knife-edge design to
guarantee optimum light input.

The sphere is coated with
ODP97, a white diffuse paint that

exhibits a typical reflectance of 97%
in the visible spectral range with a
usable range specified from 300 nm
to 2400 nm. Standardized port in-
terfaces allow simple mounting of
Gigahertz-Optik detector heads,
fiber-optic adapters, light sources,
light traps, and other accessories.
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-

You can use the UPB-150-ART
sphere to perform standard reflec-
tion and transmission measure-
ments in accordance with the DIN-
5036, CIE 128, and ISO 13468
specifications.

Gigahertz-Optik, www.gigahertz-
optik.com.

Network analyzer software

Rohde & Schwarz has expanded its
high-end R&S ZVA network analyzer
with the addition of the R&S ZVA-K7
software option for pulse-profile
measurements on semiconductors
and antenna systems. The software
option can derive and display abso-
lute levels or S-parameters in real
time on pulses down to 50 ns with a
measurement resolution of 12.5 ns.

The ZVA-K7 software option oper-
ates with periodic or single pulses.
You can generate pulsed RF signals
by modulating the analyzer’s internal
generator with an external pulse
generator or by using a completely
separate signal source such as an
R&S SMR. You can set measurement
bandwidth to 30-MHz maximum,
which allows rise times of 33 ns. Pre-
and post-trigger settings enable you
to position the measurement win-
dow relative to the pulse signal and
selectively measure pulse intervals.

Rohde & Schwarz, www.rohde-
schwarz.com.

WAVEFORMS: .35¢/point

S

-astest
Waveforms  Rise Time
4 Mpoints/channel 6ns

MATCHING AMPLIFIERS

¢ 1 to 4 Channels

* Bandwidth to 2 MHz
* Voltage to 400 Vp-p

¢ Current to 750 mA

50 MHz Function/Arbitrary Waveform Generator Model 2732
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_ 0 'vidiv
2 ns/div.

AVPP-1-B
* 0to 10V, variable

* 100-200 ps rise times
* PRFto 1 MHz

AVPP-1A-B
* 10V, 200 ps, 500 kHz

Widest

Bandwidth
50 MHz

AVPP-2-B
* 20V, 200 ps, 100 kHz

AVPP-2A-B
* 20V, 250 ps, 100 kHz

* 0.4-100 ns pulse width

* 0.5-1000 ns pulse width

* 0.4-100 ns pulse width

* 0.6-1000 ns pulse width

ELECTROSYSTEMS

Ultra High Speed
Pulse Generators

AVPP Series

10V & 20V pulse generators with 100-250 ps rise times.
PRFs to 1 MHz, pulse widths of <1 ns to 1 us.

Ideal for Optoelectronics Testing, R&D

The AVPP series offers a range of easy-to-use 10V
and 20V pulse generators with sub-nanosecond rise
and fall times. These models are ideal for testing ultra-
high speed semiconductors and optoelectronics.
These instruments are available with IEEE-488.2
GPIB and RS-232 interfaces, and LabView drivers.
Ethernet control is optional. Positive, negative, and
dual polarity outputs can be provided. See
http://www.avtechpulse.com/speed for details.

For more detailed information on our fast laser diode
drivers, pulse, impulse, delay and function generators,
probes, amplifiers, etc, call or email us, or visit our
comprehensive web site!

Online data sheets and pricing - www.avtechpulse.com
Enter your specifications into the “Pick the Perfect Pulser” search engine!

BOX 265, OGDENSBURG
NY, 13669-0265
ph: 888-670-8729, +1-613-226-5772
fax: 800-561-1970, +1-613-226-2802
e-mail: info@avtechpulse.com

wwwiegamcommoo TEGAM http://www.avtechpulse.com
1-800-666-1010 NANOSECOND
WAVEFORM ELECTRONICS
SINCE 1975

Germany / Aust / Switz: Schulz-Electronic
France: K.M.P. Elec. Japan: Meisho Corp.
Korea: MJL Crystek Taiwan, China: Quatek
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Why settle for a slice?

When you can have the
whole pie...

PicoScope 5000 Series USB 2.0, PC Oscilloscopes

The No Compromise PC Oscilloscopes i
With class-leading bandwidth, sampling rate, memory 250 MHz Bandwidth
depth and an array of advanced high end features the
PicoScope 5000 PC Oscilloscopes give you the 1GS/s Sample rate

features and performance you 128M Samp|e Record |ength

need without any compromise.
. All other oscilloscopes at this price range force
¢ Advanced triggers -
T A ———— you to compromise on cne of three key
trigaers the PicoScone 5000 specifications: bandwidth, sampling rate or
99 P record length. With the PicoScope 5000 series

series comes standard with ou no longer have to compromise
pulse width, window, dropout, Y 9 P _
delay, and logic level triggering.

¢ 250MHz Spectrum analyzer

wwwpicotech.com

PicoScope5204 250MHz, 1GS/s sample rate

- ¢High speed USB 2.0 connection ) 128M samples record length $3299
e ¢ Automatic measurements PicoScope5203 250MHz 1GS/s sample rate
E ¢ Arbitrary waveform generator 32M samples record length $2199
e Define your own waveforms or select from 8
PicoScope predefined signals with the 12 bit, 125MS/s

capture and analysis software arbitrary waveform generator

1CO
for information call 1.800.591.2796 pw
www.picotech.com/pco379

Technology




TestLit Review®

USB BASED PORTABLE T1/E1 ANALYZER

New USB based T1/E1 Analyzer is

ADVERTISER INDEX

the world’s most powerful and com- ADVERTISER PAGE
plete voiceband, protocol, and BERT .
analyzer. Analysis and emulation of A-Comm Electronics 77
allsignal typesincluding voice, digits, AEMC Instruments C-3
tones, fax, modem and all protocols Adil Technoloai 218 27 29 44
- HDLC, ISDN, SS7, CAS, GSM, giient lechnologies 18,27, 29,
GPRS, CDMA. Capable of T1 /E1 Amphenol Interconnect Products 13
visualization, capture, storage, anal- Amplifier Research 41
ysis, emulation, and convenient fea- Amrel 42
tures like portability, remotability, .
and scripting. Anritsu 16
GL Communications Inc. Astro Med 73
301-670-4784 x114, or Avtech Electrosystems 74
www.gl.com/usb Basler AG 58
Boonton 14
AC POWER DISTRIBUTION & CONTROL SYSTEMS BP Microsystems 31
Product is rack or strip mounted CheckSum 4
with: Circuit Breaker Protection, Circuit Speciali 77
EMI/RFI Filtering, Spike/Surge Ireut Specialists
Protection, Remote Power On/ Cirris Systems 30
Off, Remote Reboot, Emergency Cognex 53
Shutdown, Redundant Power, Dalsa Coreco Imagin 55 57
Sequential Power Up/Down 8 ging !
and Power Regulation. Agency Data Translation 5
approved systems. 1SO9001:2000 DCC 76
Certified. . Dow-Key Microwave 43
Pulizzi Engineering, Inc. .
E-Mail: sales@pulizzi.com oIvEE NG, 1N DRS Data & Imaging Systems 77
Website: http://www.pulizzi.com - g Edmund Industrial Optics 50
Phone: 800-870-2248 GL Communications 76,77
Geotest 60
IOtech 33
DILBERT™ CONTROLCAT® NEW HORIZONS® Keithley Instruments 6
IN TEMPERATURE, Kikusui America 32
FLOW, AND PRESSURE LeCroy C-2,39
VERSION NO. 21 Matrox Electronic Svst 59
Features 138 Dilbert Cartoons and atrox tiectronic oys fems
over 190 full color pages of the Measurement Computing 34
latest products for the temperature, Measurement Computing 47 A-F
flow, environmental, pressure, DAS MRV Communications 22
and heaters market. Every product .
can be purchased online. For more National Instruments 12,C-4
information, go to: http://www. Navitar 20
omega.com/literature/ 0 Engi : 176
Omega Engineering, Inc. mega =ngineering '
203-359-1660 Pendulum Instruments 68
www.omega.com Pickering Interfaces 63
Pico Technology 75
THERMOCOUPLES, MAKE YOUR OWN Frocision Y¥ave 2
, . . .
The HOTSPOT welding unit allows Pulizzi Englneerlng 7,76
thermocouple wire to be formed into Qmax Test Equipment 37
freestanding head or butt welded junc- Rohde & Schwarz 8
tions, or to be directly welded to metal Sealevel Systems 48
surfaces. The HOTSPOT provides .
a quick, simple, accurate, low cost SPEA America 21
means of fabricating thermocouples Tegam 74
on a “when needed, where needed” Universal Switching 10
bas%s. Brochure and specification sheet VMETRO 49
available. o
DCC Corporation Virginia Panel 66
7300 North Crescent Blvd. Winchester Electronics 70

Pennsauken, NJ 08110
856-662-7272 « Fax: 856-662-7862
www.dccCorporation.com
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* Video rates to 100,000
frames per second.

 Data instrumentation
rates to 1.25 million
samples per second.

* Automatically
synchronized for your
testing and analysis.

For details on the Lightning family of high-speed
digital video systems, call 1-760-918-0526.

Great Deals @
Circuit Specialists, Inc.

Portable USB T1 E1 Analyzer

« TI/E| - Voice, Digits, Tones,
Fax, Modem,...
¥ Protocol Analysis & Simulation

o Voice Quality Testing
« Visual Analysis, Real-time
Listening & Recording

® GL Communications Inc.
Comprehensive Telecom Test Solutions
301-670-4784 * info@gl.com * www.gl.com

REFURBISHED TEST EQUIPMENT
DC-26GHZ Bought and Sold

A-Comm Electronics
303-770-4855 303-770-6266 Fax
Sales List: http://www.a-comm.com

TO ADVERTISE

185tz

Contact Kathy McNamara
Phone: (800) 438-6597
E-mail:
kathymcnamara@reedbusiness.com

Programmable DC
Power Supplies

*Up to 10 settings stored in memory
*Optional RS-232 interface
*May be used in series or parallel modes with
additional
supplies.
*Low output
ripple & noise
+LCD display
with backlight
*High resolution at 1mV

Model CSI3644A | CSI3645A | CSI3646A
DC Voltage 0-18V 0-36V 0-72V
DC Current 5A 3A 1.5A

Power (max) 90W 108W 108W

Price $199.00 $199.00 $199.00

'www.CircuitSpecialists.com|

3290N 2.9GHz RF Field
Strength Analyzer

Wide Band Reception
for: Mobile Systems
Cellular

Cordless

oB Protek
Paging 2.9G_HZ

cable v Version

Satellite TV

Hidden Camera

Teletapping New
Model

$1899.00 !

www.CircuitSpecialists.com under
Test Equipment

6-1/2 Digit Digital Multimeter
o
T2 pcotest o

s
M3500A

#Stability, Speed and
Accuracy
eHigh Performance: 2000
readings/sec

19 Full-Featured Functions t?]°"rr.7 tot
eDual Displays with 3-color §44%Z"
Annunciators

eNoise Immunity Only
eMulti-Point Scan 689.00 !
*6 1/2 Digits $689.00 !

Price Breakthrough!

200MHz USB DSO

$819.00
Full Details on web Item#: 200DSO

Circuit Specialists, Inc.

www.CircuitSpecialists.com
800-528-1417 / Fax:480-464-5824

TEST & MEASUREMENT WORLD www.tmworld.com




VIEWPOIN

[An exclusive interview with a technical leader]

MICHAEL VOHRER

President and CEO
Rohde & Schwarz
Munich, Germany

Michael Vohrer studied
communications engi-
neering and began his
professional career at
Rohde & Schwarz in 1975.
Starting as a develop-
ment engineer, he rose to
become head of the Test
and Measurement Divi-
sion in 1996, responsible
for the marketing, design,
and development of T&M
instruments and systems.
In 2003, Vohrer became a
member of the Executive
Board and was appointed
president and COO, in
charge of the Broadcast-
ing Division and the Test
and Measurement, Radio-
monitoring and Radioloca-
tion Division. In January
2006, he became CEO

of the company, which
employs 6800 people in
more than 70 countries.
Contributing editor Larry
Maloney spoke with
Vohrer about industry
trends in a recent tele-
phone interview.
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Imagining tomorrow’s products today

Q: How do you assess the progress
of your company after a year as
CEO?

A: We continue to build on the Rohde &
Schwarz reputation for quality products
and fast customer service. In the 2005—
2006 fiscal year, which ended in June, we
had net revenues of approximately €1.3
billion (approximately $2.52 billion), about
an 18% increase over the 2004—2005 year.

Q: What do you see as the biggest
challenges in continuing this growth?
A: The Internet is turning the world into
a village. Our customers, especially the
large mobile-communications companies,
are becoming more international. So, we
need to offer a global line-up of products,
as well as the same excellent service, no
matter where our customers are located.
We also must be sensitive to the difterent
mindsets and cultures of employees and
customers worldwide. And we need to put
continued emphasis on innovation in
products, sales, and service.

Q: What were your most significant
product introductions of 20062

A: A major new product for EMC test is
our R&S ESU family of EMI test receiv-
ers. These receivers use FFT-based test
methods that perform measurements up
to 100 times faster than earlier receivers.
Another notable product is the R&S
FSUP, which combines in one instrument
a sophisticated spectrum analyzer and a
phase-noise tester. The result is a much
simpler and less costly test set for engineers
who develop communications, broadcast,
and radar systems.

For mobile digital TV, we developed a
new test platform, the SFU, which is com-
patible with all five global standards: DVB-
H, T-DMB, ISDB-T, DMB-TH, and
MediaFlo in the US. We believe we have
an advantage in this market because of our
long experience with test platforms for
producers of mobile phones. Increasingly,
mobile-phone technology will be com-
bined with mobile digital TV standards.

Q: How about new technologies?

A: Standards in such fields as mobile com-
munications are expanding continually. So,
our company needs to be integrally in-
volved in defining tomorrow’s standards.
That means working closely with stand-
ards groups and large customer companies
all over the world. We plan to offer test and
measurement solutions at a very early stage
for emerging generations of mobile-phone
and mobile-radio applications. For in-
stance, we are up-to-date on a large prod-
uct portfolio for HSPA (high-speed packet
access), a technology that will allow mo-
bile phones to provide data rates similar to
wireless LAN and WiMax.

At the 2006 Electronica show, we dem-
onstrated the first solutions for generating
and analyzing signals for UMTS Long Term
Evolution (LTE), a technology that allows
high-data-rate applications for future mo-
bile phones. WiMax also is very important,
and we provide a wide range of RF test
devices for development and production.

Q: What other steps do you take to
foster innovation?

A: As a private company, we have greater
freedom to pursue technologies that cus-
tomers are going to need two, three, or
five years from now. Late in 2005, we
opened in Munich a new 16,000-m?
R&D facility, which is home to about 500
development engineers. There, we follow a
strategy of keeping in our own hands
technologies that are core to our competi-
tive advantage, such as microwave innova-
tions, very fast analog-to-digital convert-
ers, and integration of functionality on
ICs. If I can use only those technologies
that I can buy, then I am limited to doing
what others do. That is not enough for
Rohde & Schwarz. T&*MW

Michael Vohrer offers additional
@ comments on LXI, telecommunica-
tions issues, and new growth opportuni-
ties in the online version of this interview:
www.tmworld.com/2007_02.
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Hand-Held Oscilloscope

Introducing the dynamic OX7100 series Oscilloscope from
AEMC®. This scope functions as a Harmonic Analyzer,
Oscilloscope, FFET Analyzer, Multimeter and Recorder.

The OX7100 series features:

e 100 MHZ, 1GS/s in one-shot and 25GS/s in ETS with
memory depth of 2500 counts per channel

e 33 direct command keys and “Windows-like” menus
»_12-bit resolution provides deeper accurate zooming

e Four fully isolated inputs to 600VAC, 850 VDC

\ - 3. * Plug-and-Play input probes and accessories
~ e Stores 127,500 Readings

|
- P i
‘ ‘ SCOPE BOWL KICKOFF!

01\1‘\0“' Purchase either an 0X7102C
or an OX7104C, receive

FREE Recorder Function firmware and
Free Harmonic Analyzer firmware upgrades.
A $568.00 VALUE!

With the purchase of every

Power Kit receive a

FREE 4th AC Current Probe.
A $389.00 VALUE!

For details, visit us on the web.

www.aemc.com
(800) 343-1391

b|AEMC

INSTRUMENTS

‘one =

For All Your Electrical Test & Measurement Instruments




“At Symtx, we design, manufacture, and install hundreds of

advanced functional test systems worldwide every year.
By using NI TestStand, we are able to meet vastly different
customer requirements and still reduce our software
development time by more than 30 percent.”

Atanu Bhattacharya
Test Software Manager
Symtx

NI TestStand — The Industry Standard
In Test Management Software

NI TestStand is a ready-to-run test management environment from National Instruments for
automating your test and validation systems. With NI TestStand you can:

¢ Develop, manage, and automate your * Execute test modules written in any
test sequences programming language

e Simplify your maintenance through a modular, * Specify sequence flow, reporting, database
fully customizable test-system framework logging, and connectivity to enterprise systems

* Leverage toolkits and add-ons from NI TestStand ¢ Maximize test throughput with built-in parallel
product and solution partners and batch execution and synchronization

To learn how Symtx and other electronic manufacturers are
accelerating development and reducing costs, visit ni.com/teststand. (800) 891 8841

© 2007 National Instruments Corporation. All rights reserved. National Instruments, NI, ni.com, and NI TestStand are trademarks of ‘ INSTRUMENTSM
National Instruments. Other product and company names are trademarks or trade names of their respective companies. 8225-812-101





